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CRT Principles of Operation 


Cathode ray tubes (CRTs) are ubiquitous devices. Most homes have 
several in the form of TV sets, and CRT-based terminals are used widely in 
both data processing and word processing computer systems. The 
widespread and ever increasing use of CRTs in computer terminals has led 
semiconductor manufacturers to design large-scale-integrated (LSI) devices 
to simplify and reduce the costs of control functions for CRT-based ter- 

In this book wc will describe a number of LSI CRT controller devices. 
Although there arc significant differences between the functions, capabilities, 
and characteristics of each of these CRT controllers, all of them have been 
shaped by the requirements of the cathode ray tube itself and by prevailing 
interface standards to this device. In this chapter we will discuss general 
principles of operation for the CRT and those terms and definitions which 
apply to all of the CRT controllers we will describe. 


THE CATHODE RAY TUBE 

The theory of operation of the cathode ray tube is described in great 
detail in numerous texts. Therefore, our description here will be quite sim P ,e ^ 
we will concern ourselves only with the general aspects of the theory which 
you should know in order to understand the interface between a CRI and its 

controller. . 

Figure 1-1 is a simplified representation of a CRT. A cathode ray tut* 
is an evacuated glass tube which has a fluorescent coating on the inner sur¬ 
face of Its rectangular frontal region (screen). An electron gun positioned at 
the end of the narrow cylindrical part of the tube (the neck) emits an 
electron beam. This stream of electrons strikes the fluorescent Inner surface 
of the screen to produce an illuminated phosphor dot. 
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Cathod* R*y Tub« tCRT) 


Side View 


Front View 


Phoepbor Dot 





Figure 1*1. Simplified Representation of a Cathode Ray Tube (CRT) 


You can control the point at which the electron beam strikes the 
screen, and therefore the position of the dot upon the screen, by deflecting 
the electron beam. There are two primary methods of performing this beam 
deflection: electromagnetic and electrostatic. Electromagnetic deflection is by 
far the more common method and is used in all conventional television sets. 
Separate deflection coils are provided along the horizontal and vertical axes of 
the CRT neck. Separate signals can then be applied to effect horizontal and 
vertical deflection of the electron beam and thus move it across the surface of 
the screen. This operation is illustrated in Figure 1-2. 

Persistence As the beam Is moved across the screen, it leaves a trace which takes 

some finite amount of time to dissipate. The duration of this trace depends on 
the characteristics of the fluorescent coating applied to the inner surface of the 
screen. This characteristic is called the “persistence” of the phosphor. 

The horizontal deflection signal applied to the deflection coils affects 
only the horizontal position of the illuminated dot; likewise, the vertical 
deflection signal affects only its vertical position. Some CRT displays allow 
the user to arbitrarily position the dot by providing a horizontal and vertical 
input. With this type of display, the dot position is proportional to the linear 
voltages applied to these two inputs. This type of display is often referred to 
as a graphic, X-Y, or vector CRT display. 


Raster Scan 


The far more prevalent type of CRT display is called a raster scan 
type. This type is used in all modern commercial telesision sets and in most 
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will not be sufficiently excited to produce an illuminated trace. The resultant 
pattern on the screen can be illustrated as follows: 



The dotted lines in this illustration represent the retrace portion of the 
raster scan pattern when the electron beam intensity is reduced. The dotted 
lines would not be visible to a viewer. Now we have a series of approximately 
10 horizontal lines or traces that are continuously displayed on the screen. 
While this is some improvement over the zigzag pattern that included retrace 
lines, we are still not displaying any useful information. 

To see how information can be displayed on the screen, let us 
arbitrarily define our screen as having 10 horizontal traces or lines, and then 
let us divide each of those lines into seven segments. The resultant display 
could be represented as follows: 



We are going to use this seven-by-ten (7 x 10) matrix of line segments 
to display a single alphanumeric character. To provide a separation border 
around this alphanumeric character, we will leave the top line and the bot¬ 
tom two lines blank and provide a one-segment border on the left and right 

edges of the 7 x 10 matrix. This border is provided by reducing the intensity 
of the electron beam during the appropriate segments of the scan pattern. We 
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will then be left with a 5 x 7 matrix of line segments or dots in the center of 
our field: 



We can now represent alphanumeric characters within this 5*7 
matrix by reducing the intensity of the electron beam during the appropriate 
line segments. For example, the letter “R" can be represented as follows: 



The beam intensity is reduced during the entire scan of line 1, during line 
segments 1. 6 and 7 of scan line 2, and so on. Thus, it would take seven con¬ 
secutive scan lines to represent the letter R with a number of illuminated line 
segments or dots on each scan line representing part of the letter. Each illumi¬ 
nated dot will remain illuminated for some finite period of time depending on 
the persistence rating of the fiourcscent coating on the screen. The line seg¬ 
ments or dots representing the character must be repeated or refreshed at fre¬ 
quent intervals, or the character will simply fade away. 

In our discussion of the character formation using scan lines, wc showed 
only ten horizontal lines. Obviously, a typical CRT screen can display many 
more lines than this, and each line will be subdivided into many more dots or 
segments than the few that we have illustrated. Let us now discuss the factors 
involved in determining the number of scan lines and dots or segments per 
line that are commonly used. 
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Horizontal and 
Vertical Scan Rates 


Refresh 

Frequency 


In the United States, the horizontal sweep or scan rate of the electron 
beam for television is 15.75 kHz. If the beam is simultaneously moved ver¬ 
tically at a rate of 60 Hz, then 262.5 (15,750 + 60) horizontal trace lines can 
be produced wrhile the beam is moved from the top to the bottom of the 
screen. Of course, some time is required to accomplish the horizontal and 
vertical retrace operations. Thus, some of the scan lines are effectively lost 
while performing the vertical retrace. A typical video system might require 21 
or 22 scan lines of time to perform the vertical retrace, leaving about 240 
raster scan lines for display of data. If we used 10 scan lines to form each 
row of alphanumeric characters, we could get a total of 24 lines of characters 
on the screen. 

1 he number of characters that you can display horizontally along one 
of the rows depends on the video frequency used; that is, the rate at which you 
modulate the intensity of the electron beam. For example, if the horizontal 
scan frequency is 15.75 kHz and you want to display 100 8-dot wide characters 
per line, you would need a video frequency of 12.6 MHz (15,750 x 8 x 100 - 
12.6 MHz). In an actual system you would blank about 20% of these characters 
to allow for horizontal retrace time and side margins^ and would thus have an 
80-character per line display with this video frequency. 

The number of lines of data that can be displayed on the screen can be 
increased in several ways. The most obvious way would be to increase the 
horizontal sweep frequency so that more horizontal scan lines are produced 
during vertical scan of the screen. For example, if we increased the horizontal 
scan frequency from 15.75 kHz to 18 kHz and kept the vertical frequency at 60 
Hz. we would increase the number of horizontal scan lines from 252.5 to 300 
(18,000 + 60 - 300). However, increasing the horizontal frequency may 
mean that you must use nonstandard beam deflection components to achieve 
this higher sweep or scan rate. In addition, you must now also increase the 
video frequency if you still wish to attain the same number of characters per 
line. Thus this approach to increasing the number of data rows can be quite 
expensive. 

Another approach is to reduce the vertical scan frequency. For exam¬ 
ple, if you maintained the horizontal frequency at 15.75 kHz but decreased the 
vertical frequency from 60 Hz to 45 Hz, you would increase the number of 
horizontal scan lines from 262.5 to 350 (15,750 + 45 - 350). The main prob¬ 
lem with this approach to increasing the number of scan lines is that if the 
vertical refresh rate is not synchronized with the CRT’s power line fre¬ 
quency, the electron beam can be deflected by stray magnetic fields, 
especially those produced by nearby power transformers. This effect can cause 
raster jitters if the sources of magnetic interference are not adequately 
shielded. For this reason it is usually advisable to have the refresh frequency 
be the same as the power line frequency. Therefore, the refresh frequency 
used in the United States is usually 60 Hz, while in other countries where the 
power frequency is 50 Hz the refresh frequency for CRTs is usually 50 Hz. 
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Interlaced 

Scanning 


Another method of Increasing the number of scan lines available for 
displaying data Is to use a method known as Interlaced scan. 1 his is the scan¬ 
ning method used in broadcast television. In an interlaced scanning system, 
only half of the screen is refreshed during each vertical sweep cycle. Interlaced 
scanning can be illustrated as follows: 


Field 1 



An interlaced raster scanning system employs two sweep fields: when the 
electron beam reaches the middle of the first field s bottom line (line 262 in the 
illustration) it retraces not back to the top left corner, but rather to the middle 
of the top line where it is offset vertically by half a line. Thus the first line (line 
263) of the second field is traced between the first two lines (lines 1 and 2) of 
the first field. The fields combine to make up one complete display frame. 

One of the problems with this interlaced scan method is that you effec¬ 
tively halve the refresh rate: if the vertical sweep frequency is 60 Hz then a 
particular line on the screen will only be refreshed at a 30 Hz frequency. This 
525 lines per frame. 262.5 lines per field interlaced scanning pattern we have 
just described is the system that is used in the United States for broadcast 
television. Since television scene content consists of large white areas, with 
adjacent fields being repeated, the low refresh rate provided in the interlaced 
scan method is quite acceptable. However, if you are using the CRT to display 
alphanumeric characters, all of the displayed data consists ol small elements, 
and adjacent elements are not the same. In this application, an annoying flicker 
will usually result at a 30 Hz refresh rate unless a long persistence phosphor :s 
used on the CRT screen. 
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THE CRT CONTROLLER-CRT MONITOR INTERFACE 

A typical low-cost CRT monitor provides three signal connections to a 
CRT controller and associated electronics. The three signals are Horizontal 
Syncronization (HSYNC), Vertical Synchronization (VSYNC), and 
VIDEO. These signals are applied to the CRT monitor’s electronics: the 
horizontal and vertical deflection control signals are then generated by the 
monitor's electronics and applied to the tube itself. 

The horizontal and vertical sweep oscillators of a CRT monitor are 
free running, and scanning is usually continuous; the purpose of the syn¬ 
chronization signals is not to start or stop the scan motion, but rather to 
shorten or lengthen the existing scan motions so that you can synchronize the 
presentation of information via the electron beam. The intensity of the 
electron beam is modulated by the video input to the CRT monitor. Commer¬ 
cial TV sets usually include video amplifier circuitry which can provid gray 
levels by properly regulating the beam intensity. In CRT monitors intended for 
display of alphanumeric data, however, simple on/off or black-white levels are 
all that are necessary to produce dots or no dots. Blanking levels are also fed 
to the video input to turn off the electron beam for the return trip or retrace 
on each horizontal scan and vertical frame scan. 

Composite Video On some CRT monitors, a single input signal called “composite 

video" is provided. The composite video signal includes HSYNC, VSYNC, 
and VIDEO. The CRT monitor then provides the circuitry to separate out the 
three signals comprising the composite video input. The major advantage of a 
composite video signal over three separate input signals is that this composite 
signal can be sent with a single coaxial cable. This is more convenient over long 
cable runs or in systems where the video display must be switched from one 
source to another. 

CRT CHARACTER GENERATOR LOGIC 

In our preceding discussion of the CRT monitor, we briefly described 
how a single character can be created on the CRT screen. A series of dots is 
“painted" on the screen on successive scan lines to form a single character. 
The dot information is input to the CRT monitor serially on the VIDEO 
input. Obviously, some logic must be provided to convert data that is nor¬ 
mally handled in 8-bit parallel bytes in a microcomputer system into the 
serial bit stream needed to create a corresponding data character on the CRT 
screen. In addition, since each character on the screen is represented by 
many dots, it will take more than eight bits of information to represent an 
alphanumeric character. Lastly, we will want to be able to write more than 
one character on a line; this implies that some sort of buffering will be 
required. Let us begin by seeing what would be needed to generate the 
characters for a single 80-character row on the CRT screen. 

Figure 1-3 illustrates the sequence that occurs when displaying a 
single 80-character row of alphanumeric data on a CRT screen. First, the dot 
information for scan line 1 is applied via the VIDEO input to the CRT. 

The dot pattern for all 80 characters on scan line I must be presented 
consecutively. When the first scan line is completed, the dot information for 
scan line 2 must be presented to the CRT. Once again, the dot information for 
all 80 characters must be applied consecutively. This sequence is repeated until 
all of the scan lines (seven in our illustration) for that character row have been 
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completed. Thus dot information for each of the 80 characters on the character 
row must be presented to the CRT a total of seven limes. The dot pattern pre¬ 
sented for each character differs for every scan line. To sec how the dot infor¬ 
mation for each character could be provided, let us examine the composition of 

a single character. . . 

In Figure 1-3, each character is created in a 5 > 7 matrix. Thus each 
character is actually represented by a total of 35 dots which can be either on 
or off. We could therefore store the pattern for a single character in a 35-bit 
memory device which could be represented as follows: 


35-bit 


Memory Davie® 



• •• • 

• • 

• • 

• •• • 

• • 

• • 

• • 


VlOEO 
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Now, with three row-select inputs to this read-only memory (ROM) 
device, we can select the dot patterns for each of the seven rows of the 
character. As each dot row pattern for the character is read out of this ROM. it 
can be loaded into a shift register and then sent serially to the VIDEO input of 
the CRT. That takes care of one character, but we must consecutively pro¬ 
vide the dot pattern for each of the 80 characters on a character row. 
Obviously, we need a larger memory storage element. 

If we want to be able to represent a standard 64-character set, with 
each character represented by a 5 x 7-dot pattern, we will need a 2240-bit 
memory device (64 x 7 x 5 - 2240). This device could be represented as 
follows: 



To VIOEO 


We could now address the desired character in this ROM using six 
address inputs, and specify the dot row of that character using the three row 
select or scan line address inputs. As each character is required for presentation 
to the CRT, the character address inputs are changed to select the necessary 
character, while the scan line address inputs to the device access the correct dot 
pattern for the current scan line. 
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Character 

Generators 


There are two problems with the simple approach we have illustrated: 
we are usinR an unnecessarily large number of address lines, and we have 
not defined a way in which we can consecutively present the proper character 
addresses to the ROM device. The first problem is easily dealt with: since we 
will always be accessing the scan lines in consecutive order (1 through 7) we 
can simply provide a scan line counter which will increment the scan line 
address (or dot row address) to the ROM as each CRT scan line is com¬ 
pleted. In our illustrated example, a three-bit counter could be used to gener¬ 
ate the scan line addresses: 



Now the scan line address inputs to the ROM will remain constant tor a 
complete scan line, while the character address inputs will be changed to 
address the dot pattern for each of the characters on an 80-character row. 
When a scan line is completed, the counter is incremented to select the next 
dot pattern row and the same 80-character sequence will be repeated until all 
seven rows have been scanned. When a subsequent 80-character row is to be 
presented to the CRT, the 3-bit row counter will be reset to once again address 
dot row 1 for the new character sequence. 

The ROM, scan line address counter, and parallel-to-serial shifter 
logic that we have just described comprise what we call a character genera¬ 
tor Because this combination of devices is used so Irequcntly, a number of 
companies provide fully integrated character generator devices. You can get 
character generator devices that provide the required dot patterns lor full 
ASCII character sets with a 5 x 7 or 7 x 9-dot matrix for each character. The 
amount of Ioric included on character generator devices varies: some include 
character address latches, scan line counters, and parallel-to*scri3l shifters, 
while other character generators may consist simply ol the ROM with the 
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required dot patterns stored in the device. For purposes of our discussion, we 
will define the character generator functions as including the elements 


illustrated below: 


Scan Line CLK 


Dot CUC 



■ To VIDEO 


Now that we are familiar with the character generator functions, we must 
still find a way to successively present the character address inputs to the 
character generator and to present this 80-character sequence of addresses 
repetitively (once for each scan line) as each character row on the CRT is 
written. One simple scheme would be to construct an 80-character buffer 
w hich would be loaded with the data that is to be displayed. The characters in 
this buffer would then be accessed one after the other and presented to the 
character generator as each scan line is written to the CRT. The contents of this 
80-character buffer would be accessed once for each scan line comprising a 
character row (seven times in our 5 x 7 matrix example). The relationship 
between the character row buffer and the character generator can be illus¬ 
trated as follows: 


Character Select 




Scan Line CLK- 


Dot CLK- 


80-Character 
Data Buffer 


Data 





Character 

Addres* 



Character 


—- 

Generator 



•To VIDEO 










CRT Principles of Operation 1-13 


One aspect of this relationship may not be obvious: the data word from 
the 80 -character buffer is used as an address input to the character generator. 
Although the use of a data word as an address may seem a bit unusual, there is 
no reason why the bit pattern representing a character cannot be used as an 
address; each character has a unique bit pattern and thus presents a unique 
address to the character generator ROM. 


SCREEN MEMORY 


Thus far. we have developed the logic necessary to present one 80- 
character row of data to the CRT for display. You will recall, however, that 
data on the CRT screen must be refreshed or rewritten to the screen at fre¬ 
quent intervals (50 or 60 Hz). In addition, the screen will be comprised of 
more than a single line of characters. One solution is to set aside an entire 
block of memory for storage of data that is to be displayed on the screen. For 
example, if our CRT screen is going to be capable of 1 dis 1 pla f y, . n * .wall* * f ?j> 
80-character lines of information, we can assign a block of 19.0 (80 * .4) 
memory locations to store the screen data. 



Screen 

Memory 


The memorv used to store the data for display on the screen is referred 
to as screen memory. The data in the screen memory is presented to the 
character generator, which then sends the appropriate dot stream to the CKi. 
Logic must be provided to address the screen memory so that the appropriate 
data will be accessed for presentation to the character generator. The data in 
the screen memory could be accessed as 80 -bytc lines, with each of the twenty- 
four 80 -byte lines accessed seven limes in order to produce the seven scan 
lines that comprise a character row. The preceding illustration shows data 
from screen memory being applied directly to the character generator. 
However, we have not provided a path for putting data into screen memory, 
obviously, screen memory would not be read-only memory, since we want to 
be able to vary the data that is displayed on the CRT screen. Typically, screen 
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memory would simply be connected to the system data bus as shown in the 
following illustration: 



System 
Data Bus 


To VIDEO 


Now the microprocessor can load screen memory with data that is to be 
displayed on the CRT screen. Subsequently, the stored data in screen 
memory can be applied to the character generator as required to create the 
display. One problem with this arrangement is that the character generator 
requires that the same data be applied to it over and over again in order to 
create the dot stream for the CRT. This results in the system data bus being 
used almost continuously to pass data from screen memory to the character 
generator. Use of the system data bus for this purpose could be greatly 
reduced by combining the 80-character line buffer which we discussed ear¬ 
lier with the screen memory approach: 



System 
Date Bus 


Character 

Generator 


To VIDEO 
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A complete character row can now be loaded into this buffer from 
screen memorv via the system data bus. The contents of the 80-character 
buffer will then be repeatedly presented to the character generator while the 
scan lines comprising a character row are being sent to the CRT screen. With 
this approach, the system data bus will be used by the CRT-related devices 
only when a new line of characters must be passed from screen memory into 
the line buffer. While use of the system data bus by CRT-related functions is 
still significant, the line buffer approach does help to alleviate traffic. 

The preceding illustration still does not deal with the logic required to 
generate the addresses to access screen memory; this is one of the functions 
typically provided by a CRT controller. The following illustration includes a 
logic block to generate addresses for screen memory: 



Since screen memory must also be accessed by the microprocessor, the 
preceding figure includes address multiplexing logic and data buffering 
logic There are, however, a number of other techniques that might be used 
to provide for bus sharing by the CRT-related devices and the 
microprocessor. The method used in a particular system depends on he 
various system demands as well as on the characteristics of the CRT controller 
being used. For example. Intel's 8275 CRT controller usually requires the use 
of an external DMA controller in the system. Other CRT controllers provide 
some minimal bus access contention logic to simplify coordination ol system 
bus sharing. Some CRT controllers provide no DMA or bus access contention 
logic, and you must provide all the necessary logic externally. 
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MANIPULATION 

Cursor 


Light Pen 
Inputs 


OF CRT SCREEN DATA 

Wc have seen how a copy of the data that is to be displayed on a CRT 
screen is maintained in screen memory. When you want to change information 
that is displayed on the screen, you simply write the new information into 
screen memory' at the appropriate location. When a CRT display is being used 
as part of a terminal, some method must be provided so that an operator can 
determine and control the location on the CRT screen where new data is to 
be entered. Therefore, all of the CRT controllers we w ill describe can gener¬ 
ate and display a cursor on the screen. The cursor is simply a visible symbol 
that may be moved about the screen where a transaction is to take place. The 
cursor is typically displayed as a horizontal line below a character position: 










: y% r 



:...• 


5 • • ♦ *5 



: *. 

-jfcUULi 




Underscore cursor 


Some of the CRT controllers allow you to program the cursor so that it 
appears as a block rather than as a single line. The cursor can also be made to 
automatically blink on and off with some CRT controllers. A block-type cursor 
symbol can be illustrated as follows: 



Block cursor 


The primary method used to coordinate the input of data by an operator 
to an appropriate spot on the CRT screen is to position a cursor to indicate the 
point of entry. An alternate method, often used in graphic-oriented CRT 
systems, is a light pen input. With this method, you simply hold the light pen 
against the CRT screen to physically indicate the position where a transaction 
or change is to occur. Implementing a light pen input into a CRT system 
requires additional external hardware and implies the presence of some addi¬ 
tional logic. To understand what is required, let us briefly discuss how the light 
pen input works. 

Light pens are actually light sensor devices. When you hold the light pen 
against the CRT screen, it will detect the passage of the CRT’s electron beam 
in front of the pen, generating a pulse which is sent to the CRT controller. 
Since the CRT controller is generating all of the scan line and character counts 
for the CRT screen, it knows the position of the electron beam on the screen at 
any given moment. Thus, when it receives the signal from the light pen, the 
values from the controller’s appropriate counting registers can be saved to 
record the position of the light pen. 

Several of the CRT controller devices we will describe provide a light pen 
input. All of them simply use an internal register to store the appropriate 
counter values at the time when the light pen input signal is received. The 
microprocessor can then read the value stored in the register to determine the 
location of the light pen. 
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Scrolling 


If the CRT screen is being used for entry of data or display of text, it is 
often desirable to make the screen appear as though it were a sheet of paper 
in a typewriter. Text is entered beginning at the top line of the screen and 
subsequent lines are entered below. When the bottom line of the screen is 
reached, the text on the screen is moved up. or scrolled. Scrolling on the 
screen causes the top line to be lost from view while creating a vacant bottom 
line for entry of additional data. This scrolling operation can be illustrated 
as follows: 


Before Scrolling 

After Scrolling 




TEXTLINE t 


TEXTLINE 2 

TEXTLINE 2 


TEXTUNE 3 

TEXTLINE 3 


TEXTLINE 4 

TEXTUNE 4 


TEXTUNE 5 

TEXTLINE S 



__J 


L J 


There are a number of ways that the scrolling operation can be imple¬ 
mented. The most straightforward method from a conceptual point of view is 
to simply move the data in screen memory. This approach can be illustrated as 
follows: 

Before Scrolling After Scrolling 
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There is a very obvious problem with this approach: moving all of the 
data around in screen memory requires an unacceptably large amount of time 
and attention from the microprocessor. 
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A much simpler method of performing the scrolling function is to main¬ 
tain a register which will hold the screen memory address where the first line of 
displayed data begins. This address, which we will call TOP. would be used as 
the starting point when screen memory is accessed at the beginning of the first 
scan line on the screen. When the contents of the screen are to be scrolled 
upwards, the register holding the TOP address is incremented by a value cor¬ 
responding to the number of characters contained in one line. This approach 
can be illustrated as follows: 


Before Scrolling 


After Scrolling 



With this approach, no actual movement of data is required. We have 
simply changed the starting location of screen memory and thus effectively 
moved the data that is displayed on the screen upward. Using this approach, 
you could also scroll downward since the previous top line (TEXTLINE 1) is 
still available in memory beginning at location 1000. 

The scrolling operations we have thus far illustrated moved data one 
line at a time. There is no reason, however, why we could not scroll the 
screen data on a character-by-character basis if we desired. For example, we 
could scroll the screen data four characters upwards and to the left by adding 4 
to the TOP register value as follows: 


Bafora Scrolling Altar Scrolling 




1050 
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would result from this type of character scrolling opera 


The display that 
tion can be illustrated as follows: 

Before Scrolling 

c 

TEXTLINE 1 
TEXTUNE 2 
TEXTLINE 3 
TEXTLINE 4 
TEXTLINE 5 




After Scrolling 



Scrolling by manipulation of the contents of the screen memory starting 
address greatly reduces the burden placed on the microprocessor since no 
actual movement of data is required. You will note, however, that this scrolling 
technique still requires that memory locations being '‘scrolled into view” be 
cleared or loaded with the value representing a space character. For example, 
in the following line scrolling operation you must be sure that the ten screen 
memory locations beginning at location 1050 are cleared, since whatever is 
contained in those locations will be displayed as the bottom line on the screen 
after scrolling. 


Before Scrolling After Scrolling 
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There is one obvious problem with the type of scrolling operation we 
have been illustrating. Each time we scroll, we effectively move a “win¬ 
dow,” whose size is equal to the display capacity of the screen, through 
memory. For example, if our screen displays 24 80-character lines, then we 
must provide 1920 (80 x 24) bytes of screen memory. Each time that we scroll 
the display, we require an additional 80 bytes of memory, as the starting 
address for screen memory is incremented by 80. After we have scrolled the 
screen 24 times we will have utilized 3840 (1920 x 2) memory locations. This 
moving window of screen memory will be unacceptable in many applica¬ 
tions. Fortunately, there is a simple solution. To illustrate these solutions, 
let’s assume that our screen consists of eight 16-character lines. We therefore 
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need 128 bytes of screen memory which we will position at addresses 1000 Jr , 
through 107F| 6 . Now, when the entire screen is filled with text and we want to 
scroll the screen data upward, we must add 16 16 (10 to ) to the TOP register. This 
can be illustrated as follows: 


Before Scrolling 



After Scrolling 



1080 


108F 16 


16 Bvles 
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When the next scan of screen memory begins, it will now start with loca¬ 
tion 1010 16 . Eight lines of text (128 characters) will be displayed; however, the 
bottom line displayed on the screen will not consist of the contents of memory 
locations 1080, 6 through 108F, 6 ; instead, TEXTLINE NUMBER1 from 
memory locations 1000 l6 through 100F, ft will be displayed as the bottom line. 
The screen display can be illustrated as follows: 




r 

TEXTLINE NUMBER 1 


TEXTUNE NUMBER2 

TEXTUNE NUMBER 2 


TEXTUNE NUMBERS 

TEXTLINE NUMBER 3 


TEXTLINE NUMBER4 

TEXTUNE NUMBER 4 


TEXTUNE NUMBER5 

TEXTLINE NUMBERS 


TEXTUNE NUMBER6 

TEXTUNE NUMBER 6 


TEXTLINE NUMBER7 

TEXTLINE NUMBER 7 


TEXTUNE NUMBERS 

TEXTLINE NUMBERS 


TEXTUNE NUMBER 1 



J 




Memory This phenomenon is due to wraparound of screen memory. In our exam- 

Wraparound pie we require only 128 bytes of screen memory. Only seven address lines 
(A0-A6) are required to select one of the 128 locations. Therefore, the screen 
memory addressing logic need only generate seven address signals for connec¬ 
tion to the screen memory, When the last character in the last row of screen 
memory (location 107F ]6 ) is being accessed, the seven address signals gener¬ 
ated by the screen memory address logic will all be set to 1 to represent the 
address 7F 1(1 . The next time the screen memory address logic is incremented, 
the seven address lines will all be set low. Since only these seven address lines 
need be applied to the screen memory to select one of the 128 locations, the 
next location that will be accessed after I07F, 6 will be the first location in 
screen memory (1000, 6 ). The more significant address lines needed to repre¬ 
sent the address 1080 16 are not connected to screen memory and are therefore 
not a factor in the screen function. They may, of course, be used in other ways 
within a system to select other memory or I/O devices, or as chip enable inputs 
to the screen memory devices, but these uses can be made transparent so far as 
the screen memory address logic is concerned. 

There is still one problem with this wraparound technique of scrolling. In 
the example we just illustrated, all of the text has been moved up one line. 
However, since the last line of screen memory now effectively consists of 
memorv locations 00, 6 through 0F, 6 , the bottom line of the screen will display 
TEXTLINE NUMBER l. In order to have the last line of the display cleared, 
the microprocessor must write blanks or spaces into the appropriate line of 
screen memory. In addition, the line of screen memory that must be cleared 
will change with each scrolling operation. For example, after the bottom line of 
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screen memory has been cleared and a new texi line (TEXTLINE NUMBER9) 
has been entered, the following scrolling procedure would be performed: 


Before Scrolling 
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After Scrolling 


1Q1Q | TOP Register 


(iooo, 6 |t|e|x|t|l| i | n | eJ 

| n | u|m| b| e | r (Tj 

Vioio, b |t|e|x|i|i|i|n|eL 

| N | U 1MI B 1 E I n 1 2_J 

n TlE1X| T| L I 1 | NIE1 

InMmIbIe |R|3~1 

| T| E | X | T | L 1 l|N|El 

| N |u|M|B|E|R_l4j 

I T 1 E I X | T | l| 1 |Nj eT 

INlulMlB|E|R|s | 

1T|E1X|T|L| I|n|eT 

I n|u|m| b| E |R|6 1 

|t|i|x|t|l|i|m|e1 

|N|u|v| B1E 1R 1 7 I 

1070, «|Tl E | X | T I L | 1 |n|e1 

{ n|U|m| B1E|R|8 I 


*107F 16 


16 Bytes 





CRT Principles of Operation 1-23 


Now the top of screen memory begins at address 1020 ltl , and it is the old 
TEXTLINE NUMBER2, which begins at screen memory location 1010, fc , that 
must be cleared by the microprocessor to clear the bottom line displayed on the 
screen. This scrolling procedure obviously imposes some burden on the 
microprocessor to keep track of the current bottom line of display memory and 
clear that line as part of each scrolling operation. However, this wraparound 
approach to scrolling makes the screen memory address logic provided by a 
CRT controller quite straightforward. And, since it is this addressing logic 
which makes the majority of accesses to screen memory, it is important that 
this logic be kept simple. 


Screen Memory Addressing: Linear versus Row/Column 

In our preceding discussion of screen memory addressing, we assumed 
that memory is addressed linearly; that is, the addressing is done as though 
all locations on the display were stored in a continuous string of memory- 
locations. This is the way that microprocessors assume that memory is con¬ 
figured. This approach is not always the most efficient, however. For exam¬ 
ple, if you are manipulating the data that is displayed on a CRT screen, it is 
often most convenient and efficient if the data can be handled on a display 
line basis. This is especially true when you want to implement text editing 
functions such as insert line, delete line, and insert/delctc character. 
Therefore, some of the CRT controllers provide screen memory addressing 
on a row/column basis. In this approach, some of the memory address lines 
specify the data row of the character. While this approach can simplify the 
software required to perform many data manipulation functions on the CRT 
screen, it is accomplished at the cost of memory usage efficiency. To illus¬ 
trate this, consider the figure below. 

As you can see, using«standard linear addressing, the first character on 
each row is simply stored in the next consecutive memory location following 
the last character on the preceding row. If row/column addressing is used, then 
this will be the case only if the number of characters on a row equals some 
power of two. Otherwise, some memory locations will effectively be inaccessi¬ 
ble. For example, in the illustration above, the last character on the first data 
row is at memory address 80,„ while the first character on the next data row is 
at location 128, 0 . The intervening memory addresses are not accessible. There 
are ways around the dilemma, such as using external logic or ROM to map the 
addresses generated by the microprocessor and those generated by the CRT 
controller for screen memory into the same address spaces. Thus, the 
tradeoffs you must make will be between more complicated software for text 
manipulation versus inefficient use of memory space and additional address 
mapping logic. 
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Memory Contention Logic 


Direct Memory 
Access 


terlaced Memory 
Access 


Non-Display- 
Time Access 


Although there are a number of methods that can be used to resolve 
screen memory contention existing between the microprocessor and the CRT 
controller, there are three techniques that are most commonly used: direct 
memory access (DMA), interlaced memory access, and, for want of a better 
term, what we will call non-display-time access. 

The DMA approach utilizes an external DMA controller to handle 
transfers of data between the microprocessor and screen memory, and be¬ 
tween screen memory and the CRT controller. With this technique, the CRT 
controller will not always have access to screen memory. Instead, blocks of 
data, typically one character line, will be transferred under control of the DMA 
controller from screen memory to the CRT controller logic. This approach is 
the one used in the Intel 8275 CRT controller which provides two 80-character 
buffers to hold data from screen memory. 

The interlaced memory technique assumes that the CRT controller 
and microprocessor will have equal and alternating periods of time when 
they can access screen memory. For example, the 6800 and 6500 families of 
microprocessors use two-phase clocks, and the microprocessor will only be 
using the system busses during one of the two phases. Therefore, the CRT 
controller can be guaranteed access to the busses during the alternate phases. 
We will discuss this technique in more detail when wc describe the 6845 and 
6545 CRT controllers. 

A third technique for resolving screen memory contention consists of 
granting the microprocessor access to screen memory during non-display 
times when the CRT controller logic does not need access. The amount of 
time that will be available to the microprocessor to access screen memory 
depends, of course, on your system design. For example, if the system does 
not include a line buffer between screen memory and the character generator, 
then the CRT controller will need almost continuous access to the screen 
memory. Even in this case, however, there are periods of time when screen 
memory can be accessed by the microprocessor. You will recall from our dis¬ 
cussion of CRT timing that dot information for the alphanumeric character dis¬ 
play must be presented during each horizontal scan line. However, no dot 
information need be presented during horizontal retrace or vertical retrace, 
and these time intervals can therefore be made available to the microprocessor 
to access screen memory. Typically, horizontal retrace represents approx¬ 
imately 20% of the horizontal scan line time; thus, 10-15 microseconds would 
be available to the microprocessor during each horizontal retrace operation. 
The vertical retrace time in a typical system would provide another 1-1.5 
milliseconds at the end of each frame. Additionally, the contents of screen 
memory need not be applied to the character generator for every horizontal 
scan line: for example, a 5 x 7 dot matrix character might be centered in a 
7x9 matrix. In this case, dot information would only be presented during 
seven of the nine scan lines which comprise a character row. Screen memory 
could therefore be made available to the microprocessor during the first and 
last scan lines of each character row. 

Determining when screen memory can be accessed by the micro¬ 
processor will require some logic. However, this logic can be minimal since 
some of the useful signals such as vertical blanking and scan line counts will 
already be available in the system. 
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THE CRT TIMING CHAIN 


Now that we have discussed the general characteristics of a CRT dis¬ 
play, let us look a little more closely at the timing required. Since the North 
American broadcast standard for television requires a horizontal syn¬ 
chronization (HSYNC) pulse frequency of 15.75 kHz, the deflection compo¬ 
nents of most CRT monitors are designed to operate at that frequency 
-4-5- 10%. Another limiting parameter of the CRT monitors is their video 
response; that is, the rate at which the electron beam can be modulated. The 
video response range is usually much wider and therefore less limiting than the 
horizontal synchronization requirements. We will therefore begin our discus¬ 
sion of CRT timing with the horizontal synchronization requirements. 

HSYNC In the discussion that follows, you must keep in mind that the numeri¬ 

cal values we will use, while realistic, were chosen to clarify the explana¬ 
tion. The actual values used will of course depend on the application and 
your particular requirements. 

We are going to use a horizontal synchronization frequency of 15. 
kHz in our example. With this frequency, each horizontal scan line will be 
64 microseconds in duration (1 + 15,625 = 64 x 10~ 6 ). The HSYNC pulse is 
applied to the CRT monitor electronics near the end of each horizontal scan 
line. Part of the 64 microseconds available for each horizontal scan line must 
be used for application of the HSYNC pulse and for horizontal retrace time. In 
a typical CRT, approximately 20% of the total horizontal scan time must be 
used for retrace. The relationship between the display portion of a scan line, 
the HSYNC pulse and retrace time can be illustrated as follows: 



Retrace Time 
(20 Characters! 


Before continuing with our description of the timing chain, let us look 
a bit more closely at the HSYNC signal. The horizontal retrace time can be 
subdivided into three intervals: the HSYNC delay, the HSYNC pulse, and 
the horizontal scan delay. This can be illustrated as follows: 


G> 

(D 

© 


HSYNC 


HSYNC Delay (Front Porch) 
HSYNC Pul** 



Horizontal Scan Detay IBack. Porch) 
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Front 

Porch 

Back 

Porch 


The HSYNC delay is often referred to in television literature as the 
“front porch,” while the horizontal scan delay is frequently referred to as the 
“back porch.” The values for these three intervals will be determined by the 
operating characteristics of the CRT monitor you are using, Typical values for 
commercial CRT monitors would call for a total retrace lime in the range of 10 
to 12 microseconds and a ratio of HSYNC delay to HSYNC pulse to horizontal 
scan delay of 1:2:2. Thus, if we were allowing a total of 20 character times for 
horizontal retrace, the HSYNC delay (or front porch) would be 4 character 
times in duration, and the horizontal scan delay (back porch) would be 8 
character times in duration. Now let us continue with our discussion of the tim¬ 
ing chain. 

If we want to display 80 characters per line, then we must divide the 
available horizontal scan time into approximately 100 character-times to 
allow for the 20% retrace requirement. Thus the horizontal scan time for each 
character along a line would be 640 nanoseconds (64 x 10 -6 + 100 = 640 x 
10~ 9 ). Therefore, 640 nanoseconds of each horizontal scan line are required 
for each character that is to be formed. This can be illustrated as follows: 


1 5625 MHz 



Character 

Clock 


HSYNC 


640 nanoseconds = 
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Character 

Clock 


The 15.625 kHz frequency must be multiplied by 100 to derive the time 
allotted to a single character. Thus, the character clock frequency for our 
timing chain would be 1.5625 MHz. 

We are going to use a 6 x 8 character formed in an 8 x 10 matrix for 
this example. Each character time along the horizontal scan line must 
therefore be divided into 8 dot times: 


From Character 
Generator 
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Dot 

Clock 




The dot clock that we need to clock the shift register which generates 
VIDEO must therefore operate at a frequency of 12.5 MHz (1.5625 x 10 4 x 
8 - 12.5 x 10*). This dot clock frequency is the highest that will be required 
in our system. 

Now we have developed the timing chain from the highest frequency 
required down to the standard HSYNC frequency accepted by most CRT 
monitors. Since we have decided to use an 8 x 10 matrix to create each 
character on the screen, each character row will therefore require a total of 10 
scan lines, or 640 microseconds including horizontal retrace time. A character 
or data row clock would thus run at a frequency of 1.562 kHz (15.625 kHz ■+■ 
10 ). 


From Character 
Generator 
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VSYNC 


The next timing constraint we must deal with is the vertical syn- 
chroni/aiion (VSYNC) pulse used to Initiate vertical retrace. You will recaU 
that most CRT monitors in the U.S. are designed to operate with a SY 
pulse frequency of 60 Hz. We could meet this parameter if the tolalnuniber ot 
horizontal scan lines on our screen was approximately 260 J^: 625 .; h 

60 096) Thus our display would consist of 26 character rows ot 10 lines each. 
Of cou se some time will be required for the vertical retrace operation. A typi- 
R value for Xs vertical retrace time might be 1 millisecond. So a period of 
time equivalent to 20 horizontal scan lines would give sufficient lime <20 6 

x 10-6 = 1.28 x 10 -3 ) for the vertical retrace. This would leave a total of 24 
scan lines, or 24 character rows for display of data. 

Figure 1-4 illustrates the entire timing chain that w«i ha>e de '«* 0 P*)* 
As we mentioned at the outset, the values we have used in this| examp e were 
chosen for reasons of clarity. The actual values you use will doubt,es * 
different. To highlight some of the ways in which you can vary the timing 
chain, let us simplify Figure 1-4 as follows: 


12 5 MHz 
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12.5 MHi 
'Toot CLK 


From Character 
Generator 


Shift 

Register 


1 5625 ChOTCt , r 

' ^ Clock 


U— 8 dot times • 1 Character —j 
LJ 1 Oot Time 


640 nanoseconds = 
1 Charecter time 


100 

I 15 625 MHi 


10 

1 6626 kHi 


Character 
Row Clock 


-64 p.sec 

-80 Characters — 



10 Scan Lines (t'Vi-.j p 
1640 nsec) \ I - . 1 I fai 


• 80 Characters-»|* — —| 

k 


-80 Characters - 


20 Characters 



Figure 1*4. A CRT Timing Chain 
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In most applications, you will want to maintain a V SY NC Irequcncy of 60 
Hz and an HSYNC frequency that is near the commercial broadcast frequency 
of 15 75 kHz. Even with these constraints, however, there are still many 
changes we can make. For example, if we need to increase the number of 
characters that can be displayed on the screen we might develop the lollowing 
timing chain: 


12.474 MHz 


Scan lines Screen 
(Including Retrace) 



In this illustration, we have increased the number of characters per line 
and data rows per screen by using smaller characters: 5x7 characters in a 
7x9 matrix instead of the 8x10 matrix of our first example. This results in a 
dot clock frequency that is slightly lower than that developed in our first exam¬ 
ple and an HYSNC frequency that is somewhat higher than our previously 
chosen value. The HYSNC frequency is still close enough to the 15.75 kHz 
standard to be used with most CRT monitors, however. 
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GRAPHIC VERSUS ALPHANUMERIC DISPLAYS 

Most of the CRT controllers we will describe are oriented towards 
alphanumeric displays where data comprising a character line is repetitively 
presented to character generator logic until all the scan lines comprising that 
character row have been displayed. With this arrangement, memory storage 
requirements and memory accesses are minimized and the character generator 
logic assumes responsibility for producing each individual dot required along a 
scan line. 

By delegating responsibility for generating each dot on the CRT screen, 
you have also surrendered control of each dot and are limited in what you can 
display by the capabilities of the character generator logic. If you wish to display 
graphic information in which you must have the capability ol individually 
manipulating every dot on the CRT screen, then a different approach is 
required. Typically, this different approach will consume more memory and 
may require additional resources beyond those usually provided by a CRT con¬ 
troller. The concept, however, is rather straightforward. Nonetheless, we will 
limit our discussion of this approach since the more widespread use of the CRI 
controllers we describe will be in alphanumeric display applications. 

Bit-Mapped The most straightforward way of independently controlling every dot on 

Screen the CRT screen is to map every dot to a specific memory data bit. Assuming 
Memory that memory is organized as 8-bit bytes of data, you can store the dot informa¬ 
tion for eight dot locations on a scan line as one byte of memory. Thus, if the 
video portion of a scan line in an alphanumeric display application were used to 
present 80 characters, with each of them occupying seven dots along the scan 
line, then we could store the dot information for the scan line in 70 bytes of 
memory. Each 8-bit byte would be accessed from memory, loaded into a 
parallel-to-scrial shift register, and then shifted serially at the dot clock fre¬ 
quency to create the CRT monitor video signal. 

The memory storage requirements for a single scan line of individual dot 
information have not been increased beyond those required by alphanumeric 
data. However, while the same data stored in memory would be accessed 
repetitively for the 7-10 scan lines that might comprise a character row, the 
data for every scan line in a graphic application is unique and requires its own 
separate memory storage locations. If the CRT screen is to display 240 scan 
lines, then you must provide memory storage for 240 lines worth of dot infor¬ 
mation. In an alphanumeric application where each character row was com¬ 
prised of 10 scan lines, you would only have to store 24 lines worth of data in 
memory. 

Table 1-1 lists the CRT controller devices we will describe in this book 
and tabulates their salient functional capabilities. 
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Table 1-1. A Summary of CRT Controller Functional Characteristics 



Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

Chapter 6 


OP8350 

National 

Semiconductor 

8275 

Intel 

6845 

Motorola 

6545 

Synertek 

5027 (9927) 
SMC ITI) 

On-Chip 

Dot Timing 

Yes 

No 

No 

No 

No 

Synchronization 

Signals 

HSYNC/VSYNC 

Composite 

Programmable 

Yes 

No 

Yes 

Yes 

No 

No 

Yes 

No 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Display Format 
Characters/Row 

Rows/Frame 

Scan Lines/Row 

S-110 

1-64 

1-16 

H 


1-256 

1-128 

1-32 

20-132* 

1-84 

1-16 

Interlaced Mode 

No 

No 

Yes (2) 

Yes (2) 

Yes 

Cursor Mode 
Controls 

Block or 
underline 

Reverse video, 
blink, undertme 
block 

Reverse video, 
blink, block, 
underline 

Reverse video, 
blink, block, 
underline 

Block 

Screen Memory 
Addressing 

Size (Max) 

Linear 

4K 

Linear 

64K 

Linear 

16K 

Linear or 
Row-Column 

16K 

Row-Column 

8K 

Accessible 

Registers 

Cursor. 

Top-of-Pege 

New Row 

Cursor, status, 
light pen 

Screen format 
and tuning registers, 
cursor, light pen. 
Top-of-Page 

Screen format 
and timing, 
cursor, light 
pen. Top-of-Page 

Cursor, scroll. 
Top-of-Page 

On-chip Buffer 

No 

Two. 80-Bytes each 

No 

No 

No 

Memory Contention 
Logic 

No 

DMA 

No 

Transparent 

Memory 

Addressing 

No 

Scrolling 

Yes 

Yes 

Yes 

Yes 

Yes 

Visual Attributes 

No 

Yes 

No 

No 

No 

Light Pen Logic 

No 

Yes 

Yes 

Yes 

NO 

Process 

IIL 

NMOS 

NMOS 

NMOS 

NMOS 

Power 

+ 5 V 

+5 V 

♦ 5 V 

+ 5 V 

♦ 6 V. +12 V 


• Up to 200 characters row available in mask-programmed versions 
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Figure 1-5. General Block Diagram of a CRT Controller 


COMPARING CRT CONTROLLER DEVICES 


Figure 1-5 is a generalized block diagram showing typical logic func¬ 
tions that must be provided to create the interface between a microprocessor 
and a CRT monitor. The ideal CRT controller device would incorporate all of 
the logic functldiw shown in Figure 1-5. Actual CRT controller devices, of 
course, do not include all of the functional blocks illustrated - it is impossi 
ble to fit that much logic on a single chip. In addition, when you' . 

functions on a chip you sacrifice some flexibility: the approach that the c *j‘P 
designer has taken when implementing the CRT controller functions willI dic¬ 
tate to a large extent, the approach that you must take when incorporating the 
device in vou? system. For example, inclus.on of a line buffer and the character 
generator logic function in Figure 1-5 implies that all CRT controllers wil 
used to generate alphanumeric displays. This will obviously not always be the 
case This also points out one of the weaknesses of F igure 1-5: the assumptions 
that we have made in defining logic functions that should be included in^aCRT 
controller. Nonetheless, we will use this illustration throughout this book to 
indicate the functions provided by each of the CRT controllers we will de 
scribe. While far from perfect, it does provide a starting point for comparing 
the capabilities of various CRT controller devices. 



2 

The DP8350 CRT Controllers 


The DP8350 CRT controller series is one of the more recently 
introduced set of CRT controller devices and provides some fn net ions^ not 
available on any of the other devices described in this book. Nonetheless, 
because its operation is quite straightforward, we have chosen to describe 

the 8350 first. One reason for Its relative sin ’f ?j’ ! 0 °' 0 r ^RTc"^roHe rs°a e 
«r functions which are user-programmable in other t-K i controllers are 

mas h k-programmable in the DP8350s. Mask-programming of certain func¬ 
tions makes a great deal of sense because, while many functions need to be 
custom tailored to a particular design, they do not need to be a ^ cr ® d °"Pf lh f y 
have been established. The disadvantage of mask-programmable functions is, 
of course that you must be a high-volume user of a particular programmed 
version of the DP8350 in order to justify the cost involved. It need on, ' d a 
few devices and one of the standard preprogrammed versions cannot be used, 

you sh ^ t U }his wHling, S the DP8350 series consists of three standard ROM ver¬ 
sions. These are: 

DP8350 80 characters row. 24 rows. 7 x 10 fie d 
0P8352 32 characters row. 18 rows. 9 * 12 he d 
DP0353 80 character*'row. 25 rows, 9X12 held 

However an additional 15 ROM versions have been generated, some of 
which mav be assigned standard part numbers in the future. It a low volume 
user cannonise^jne of .he three standard versionsJ-y vXmem 

versions may be used without hav.ng to pay for R O M n ^ k 50 d s e ^ n j P the other 
The largest functional difference between the DP8350s and tne otner 

provide the high speed timing. 
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Figure 2-1. DP8350 CRT Controller Functions 


The only manufacturer of the DP8350 series is: 

NATIONAL SEMICONDUCTOR CORPORATION 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

Figure 2-1 illustrates those portions of the idealized CRT controller 
which we developed in Chapter 1 that are provided by the DP8350. Both the 
SYNC generation and dot timing logic are provided by the DP8350. Standard 
cursor and scroll logic are provided on-chip along with the screen memory 
addressing and scan line counter logic. The memory contention logic provided 
by the DP8350 is quite primitive and we have therefore shown this logic func¬ 
tion only partially shaded. Similarly, the programmable registers provided by 
the 8350 are few in number, since many functions arc mask-programmable. 
We have therefore shown this logic area as only partially present on the 
DP8350. 
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THE DP8350 CRT CONTROLLER SERIES PINS AND SIGNALS 

Figure 2-2 shows the pin assignments and signals for the DP8350. At 
this point we will provide a brief description of each signal, since this wiU 
serve as a good introduction to, and overview of, the capabilities of this CRT 
controller. Our descriptions of the signals will be brief since we will discuss 
their uses and interrelationship in more detail later in this chapter. 

The signals may be divided into three categories: signals used to inter¬ 
face the CRT controller to the microprocessor and system busses (we include 
standard power and timing input signals in this group), signals used to 
Interface the screen memory logic and character generator logic, and signals 
sent to the CRT monitor. , 

Microprocessor RSA and RSB are register select inputs that specify which of the 

Interface DP83 50’s internal registers is to receive data from the microprocessor. 

Signals RLD is the register load signal used to strobe data into the DP8350 

internal registers. The DP8350 registers that are accessible to the 
microprocessor are all write-on ly reg isters. In addition, there is no chip select 
input to the DP8350. Thus the RED signal performs the functions of selecting 
the DP8350 device for a register load and actually strobing the data into the 
DP8350. Accordingly, the system logic used to generate RLD will have to com¬ 
bine both decoded address signals and the write signal from the 
microprocessor. 

AO-All are dual purpose, bidirectional lines. They are used primarily 
as screen memory address output lines but they also serve as data inputs 
during register load operations. 

RAE is the RAM Address Enable input. In order to use the AO-All 
address lines as data input lines, the RAE signal must be set low to place the 
address outputs in the high-impedance mode. It is important to note that this 
input does not disable any of the DP8350’s internal counting logic functions; it 
simply disables the outputs of the screen memory address lines. Thus it is up to 
external logic to determine whether the DP8350 will be requiring access to the 
address bus before the RAE input is used to disable the address outputs. We 
will discuss this in more detail later in this chapter. 

SYSCLR is the System Clear or reset input. When you set this signal 
low, it clears the Cursor and Top of Page registers within the DP8350 to zero 
and holds the timing chain at that point where vertical and horizontal blanking 

begins. , , 

50/60 Hz. If this input is high it specifies that the CRT system refresh 
rate is to be 60 Hz, and if low specifies a refresh rate of 50 Hz. An interesting 
feature of the DP8350 is the fact that you can specify other refresh rates besides 
50 and 60 Hz. The refresh rate is a mask-programmable option that you 
specify when you order the device. You can always specify two different fre¬ 
quencies for a given device. Thus, for example, you could specify a refresh rate 
of 37.5 Hz and 45 Hz instead of 50 Hz and 60 Hz. As part of the mask-pro¬ 
gramming specification, you assign an F, frequency and an F 0 frequency. A 
logic 1 input on the 50/60 Hz signal always selects the F, refresh rate, and a 
logic 0 selects the F^ refresh rate. 

XI and X2 are the input connections for an external, parallel resonant 
crystal which will determine the operating frequency for the DP8350. The 
crystal frequency is the dot clock rate that will be used. \ou can also use a 
svstem clock instead of the crystal. In this case, the dot rate clock frequency 
could be applied to pin 22 (XI) from a Schottky TTL series device and pin -1 
(X2) should be left opened. 



Output 

Output 

Input 

Output 

Output 

Output 

Output 

Output 

Output 

Input 


Output 

Output 

Output 

Output 


2-4 The CRT Controller Handbook 


CLRIC 

CGPRG 

LBREN 

IRCIK 

HSYNC 


SYSCLR 

LBCLK 

EC/LRC 


LDVSR 

CUREN 

GNO 


DP8350 


Description 


Register Select A. B 
Register Load 
System Clear 

Vertical Refresh Rate Select 


Input 

Input 

Input 

Input 

Input 

Output 

Input 

Bidirectional. Tristate 


RSA.RSB 

RLO 


SYSCLR 
60 60 Hz 
XI 
X2 
RAE 
AO-A11 
V C C- gno 


Crystal Oscillator 

RAM Address Enable 

Register Inputs. RAM Address Outputs 

Power (+5 V) and Ground 


Line Buffer Clock 

Line Buffer Recirculate Enable 

Character Generator Program 

Latch Character Generator Address 

Scan Line Rate Clock 

Scan Line Counter Outputs 

Clear Lme Counter 

Load Video Shift Register 

Dot Rate Clock 

External Clock Lme Rate Clock 


CGPRG 

LCGA 

LRCLK 

LC0-LC3 


CLRLC 

LDVSR 

DOTCLK 

EC'LRC 


Honzontal Synchronization 
Vertical Synchronization 
Vertical Blanking 
Cursor Enable 


HYSNC 

VSYNC 

VBLANK 

CUREN 


Figure 2-2. DP8350 CRT Controller Pins and Signals 
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Figure 2-3. DP8350 Screen Memory and Character Generator Signals 


Screen 
Memory and 
Character 
Generator 
Signals 


Screen Memory 
Signals 


The DOTCLK Dot Rate Clock is a buffered output at the dot rate clock 
frequency used for system synchronization. The positive edge of this signal 
should be used to clock the dot shift register. 

The next group of signals we shall describe are used to interface the 
DP8350 to screen memory and character generator logic. A subset of signals 
is included in this group and provides timing for a line buffer. Since the 
DP8350 generates the high frequency dot clock, all of these lower frequency 
timing signals which are derived from that clock are also generated on-chip. 
That is the reason for the availability of such a large number of timing signals 
for the character generator and line buffer logic. No other CRT controller we 
describe approaches the completeness of the set of timing signals provided by 
the DP8350. However, not all of the signals will be required in many applica¬ 
tions since these signals imply a very specific system organization. The system 
organization implied by this set of signals is nearly identical to that of our 
idealized CRT controller. That is, an 80-character line buffer is situated bet¬ 
ween screen memory and the character generator logic as illustrated in Figure 

In Figure 2-3, we have shown the signals provided by the DP8350 series 
for interfacing to screen memory, a line bufTer. and a character generator. The 
Interface to screen memory simply consists of the 12 address outputs (AO- 
All) and the related RAM Address Enable (RAE) signal which we have 
already discussed. The 12 screen memory address outputs allow you to have 
up to 4096 bytes of screen memory. 
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Line Buffer 
Signals 


Character 

Generator 

Signals 


There are three signals associated with operation of a line buffer: 
LBCLK, LBREN, and CGPRG. LBCLK is a Line Buffer Clock signal that 
Is generated at the character rate and which can be used to shift the contents 
of the line buffer in order to present the next character address to the character 
generator. LBREN is the Line Buffer Recirculate Enable signal and is used 
to select the source of input to the character line buffer. In a typical line 
buffer, the recirculate enable input, when high, specifies that the character 
being shifted out of the line buffer is also to be used as the input to the line 
buffer in order to simply recirculate the contents. When the recirculate input is 
low, it specifies that an alternate data source (in our application, screen 
memory) is to be used as the input to the line buffer. Thus the line buffer is 
shifted and its contents recirculated until all of the scan lines that comprise a 
character row have been displayed; the LBREN signal is then set low so that a 
new line of data can be loaded into the line buffer. The LBREN signal will go 
low at the beginning of one horizontal blanking interval and will remain low for 
one scan line until the next horizontal blanking interval. 

You control the scan line during which LBREN is to be low by using 
the Character Generator Program (CGPRG) input to the DP8350. If 
CGPRG is low, the LBREN signal will go low during the last scan line of a 
character row. If CGPRG is high, then LBREN will go low during the first scan 
line of a character row. This allows you to select when the line buffer should be 
loaded with a new line, based on whether the particular character generator you 
are using provides blank video during the last scan line of a character row or 
the first scan line. 

The remainder of the signals shown in Figure 2-3 are associated with 
the character generator function. 

LCGA is the Latch Character Generator Address signal w hich is used 
to load a data word from the line buffer, or from screen memory if no line 
buffer was used, into the character generator address latch to select the 
character for display. The LCGA signal is generated at the character rate 
frequency. 

The Line Rate Clock (LRCLK) signal and the four line count output 
signals (LC0-LC3) are all associated with the scan line count function. The 
LRCLK signal is used as an input to character generators which have their 
own internal scan line counters to increment that internal counter as each 
new scan line is begun. The LC0-LC3 signal is applied to a character genera¬ 
tor that does not have an internal scan line counter to select the proper scan 
line address for each character. Even if you are using a character generator with 
an internal scan line counter, the LC0-LC3 signals may still be of use in a 
system. For example, you can decode these outputs to determine the current 
scan line of a character row. This information might be used to grant the 
microprocessor access to the screen memory during non-display scan lines of a 
character row. _ 

The Clear Line Counter (CLRLC) signal is generated after the last 
scan line of any character row to reset a scan line counter in preparation for 
the first scan line of a new character row . Thus if a character row consists of 
nine scan lines, the CLRLC signal will go low after the ninth scan line has been 
completed (LC3-LC0 — 100CK), resetting a character generator scan line 
counter to 0000>. The DP8350 will also reset its internal scan line counters at 
this point (LC3-LC0 - 0000 2 ). 
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CRT Monitor 
Signals 


The Load Video Shift Renter (LbVSft) signal is generated at the 
character rate and used to load a parallel dot pattern for a particular 
character into the parallel-to-serial converter shift register. The DOICLk 
signal from the DP8350 is then used to dock the dot pattern out serially to 

create the VIDEO signal for the CRT monitor. 

The final group of DP8350 signals are those most directly related to 
the CRT monitor. There are four signals in this group: HSY NC, VSY NC. 

VBLANK. and CUREN. v 

The Horizontal Synchronization (HSYNC) and Vertical Synchroniza¬ 
tion (VSYNC) signals are the standard CRT monitor signals which we de¬ 
scribed in Chapter 1. The precise position and width of these signals and their 
active logic states are mask-programmable. We will describe the programming 
options when we discuss the programming specifications in detail later in this 

.lU a r\t a r 

The Vertical Blanking (VBLANK) signal becomes active at the start 
of vertical blanking - that is, upon completion of the video in the last 
horizontal scan line — and remains active until the beginning of the video in 
the first displayed scan line of the next frame. The precise scan line where 
the signal becomes inactive is mask-programmable, as is its polarity, lhe 
VBLANK signal mav have several uses in a C RT system since it indicates a 
relatively long period of time when the CRT controller will not require access 

to the system busses. . .. . . . 

The Cursor Enable (CLREN) signal will be output high b> the 
DP8350 during the character time that you have specified in the C ursor 
register. The CUREN signal will be output either on all scan lines ol a 
character row or on a single line; you specify your choice as part of the mask¬ 
programming procedure. Typically, the CLREN signal is logically ORed with 
the output of the video shift register to produce the appropriate pattern tor the 
cursor at the proper location on the screen. 

There are two pins of the DP8350 which we have not yet discussed and 
whose use and purpose are rather murky. Pin 5 is shown <n some of the 
manufacturer's literature as a pin which is not to be connected (NC) and pm 17 
is given the name External Character/Line Rate Clock (EC/LRC) but is de¬ 
scribed in manufacturer’s literature as a test input. Pin 5 actually performs a 
very specific function: if it is connected to a logic then it has no effect 
whatsoever, but if it is connected to a low or logic “0,” the number of character 
rows you have specified during mask-programming is cut in half, for example, 
if you have specified that the display is to consist of 24 character rows then 
only 12 character rows will be displayed if you apply a low to pm 5. The 12 
character rows will be equally spaced on the CRT screen and a lull row ol 
blanks will be interspersed between each displayed row. In addition, the screen 
memory address outputs will be repeated while this blank row is being dis¬ 
played. 
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THE DP8350 PROGRAMMABLE REGISTERS 

The DP8350 provides three user-accessible address registers: the Top 
of Page register, the Row Start register, and the Cursor register. All three 
are 12-bit registers and are accessed via the bidirectional address lines (AO- 
All). Register selection and loading is controlled by the RSA, RSB, and 
RLD signals according to the following table: 


RSA 

RSB 

RLO 

Register Accessed 

l 

L 

l 

None 

L 

H 

L 

Top of Page 

H 

L 

L 

Row Start* 

H 

H 

l 

Cursor 

X 

X 

H 

None 

X ■ don't care 

* During vertical blanking, a load to this register also loads 

Top of Page 


Top of The l op of Page register contains the 12-bit screen memory address of 

Page the first word to be displayed on the screen. For example, if the Top of Page 

Register register contains 0F0 !6 , then the data contained in screen memory location 

0F0 16 will be displayed in the first character position of the first character row 
on the screen. This can be illustrated as follows: 


r; 


OP8360 


“I 



Screen Memory 


CRT Screen 
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The Top of Page register is loaded with all 0's after system clear, and 
its contents will not change until or unless you load a new value into this 
register. The most common use of the Top of Page register will be to imple¬ 
ment scrolling; by loading the Top of Page register with a new value, you effec¬ 
tively move the data that is displayed on the screen. For example, if our display- 
consists of 80-character lines, then we could scroll the screen contents up one 
line by adding 80 (50 t<1 ) to the current value held in the Top of Page register. 
This can be illustrated as follows; 


r. 


DP8350 


1 
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Row Start 
Register 


The Row Start register contains the screen memory address of the first 
character that is to be displayed on a given character row. At the beginning 
of every video scan line, the DP8350’s internal screen memory address 
counter is loaded with the contents of the Row Start register. This internal 
address counter is then incremented at the character rate to access each 
character required along the scan line. Upon completion of a scan line, the 
internal address counter is once again loaded with the contents of the Row 
Start register in preparation for displaying the next scan line of that character 
row. When the first character row on the screen is being displayed, the Row 
Start register contents will be the same as the Top of Page register as shown 
in the following illustration: 


r° 


DP8350 


1 



Screen Memory 


CRT Screen 
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After all of the scan lines that comprise the first character row have 
been completed, the contents of the Row Start register are incremented to 
point to the screen memory location containing the first character of the next 
character row. For example, if our display consists ol 80-character rows, then 
the Row Start register is loaded with a value of 140|„ upon completion ol the 
first character row. The DP8350’s internal address counter is then loaded with 
this value to access the first character of the second character row: 



Screen Memory CRT Screen 
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If the Row Start register is not loaded externally, the screen memory 
addresses output by the DP8350 will be sequential on a row-by-row basis 
beginning with the address specified by the Top of Page register and continu¬ 
ing through the last character line on the screen. You can, however, load the 
Row Start register with a new value at any time. For example, when the sec¬ 
ond character row has been displayed, you could load the Row Start register 
with a value of 230, 6 . Thus the first character displayed on the third row of the 
screen would be taken from screen memory location 230 lb rather than 190| 6 . 
This can be illustrated as follows: 


OP8350 



This ability to display rows of data that are not arranged sequentially 
in screen memory can be quite useful for text editing applications. For exam¬ 
ple, if you wish to exchange two complete character rows of data on the screen, 
it is not necessary to actually move any data in memory. Instead you can simply 
exchange the order in which the row start addresses are loaded into the Row 
Start register. This technique would, of course, require that you maintain an 
external table of Row Start addresses and that you load the desired address into 
the Row Start register at the beginning of each character row. 

You can load the Row Start register at any time, and that new row start¬ 
ing address will take effect at the beginning of the next scan line. If you are 
manipulating the Row Start register to accomplish non-sequential row address¬ 
ing, you should load the Row Start register with its next value after the start of 
video time of the last scan line of the current character row. If you load the Row 
Start register during vertical blanking, the same value will automatically be 
loaded into the Top of Page register since, at the beginning of the display, both 
the Row Start register and Top of Page register must contain the same value. 
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Cursor 

Register 


The Cursor register holds the address of the position where the cursor 
is to be displayed. You do not directly specify the screen location where the 
cursor is to appear, nor do you store a pattern representing the cursor in screen 
memory. Instead you load a screen memory address into the Cursor register 
and, when the contents of that memory address location are being displayed, 
the Cursor Enable (CUREN) signal will be generated to cause a cursor symbol 
to appear on the screen. For example, if you load the Cursor register with an 
address of 141 16 , then when the contents of screen memory location 141 1(1 are 
being displayed, the cursor will also appear on the screen. This can be illus¬ 
trated as follows: 



r; 


OP83SO 


n 



In this figure we have shown the cursor symbol as occupying a single 
scan line beneath the character displayed at that position. The DP8350 can also 
display a cursor which occupies all of the scan lines at a given character posi¬ 
tion. If this second option is implemented, the cursor symbol obliterates any 
character which was being displayed at that position. 

The Cursor register will contain 000,* after a system clear. Its con¬ 
tents are changed only when you load a new value into the register. 
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THE DP8350 CRT CONTROLLER-MICROPROCESSOR INTERFACE 

The interface between the DP8350 and a microprocessor is extremely 
simple in terms of signals that must be ex chan ged. There are only four con¬ 
trol inputs to the DP8350: RSA, RSD, RLD, and RAE. RSA and RSD 
simp ly select one of the DP8350’s three programmable registers, and the 
RLD signal loads data that is applied via the AO-All inputs into the selected 
register. The RAM Address Enable (RAE) signal must be driven low in 
order to place the address outputs in the high impedance mode. 

The DP8350 supplies no internal status register which can be read by 
the microprocessor to determine what the DP8350 is up to at any given in¬ 
stant. The DP8350 also supplies no signals specifically for status purposes. 
There are, however, a number of signals output by the DP8350 which can be 
used by a microprocessor to determine the status and progress of DP8350 
operations. 

The primary information requirement of a microprocessor Is to deter¬ 
mine when the DP8350 will be using the sytem busses. This will, of course, 
be greatly dependent on system configuration; if a line buffer is not used to 
hold a line of data for presentation to the character generator, then the DP8350 
will require almost continuous access to the system busses. Even in this case, 
however, there are times when the DP8350 will not be using the busses. For 
example, if a character is seven scan lines high, the total character row might 
be comprised of nine or ten scan lines in order to provide spacing between 
character rows. During these “spacing” scan lines, no data will be displayed 
and therefore the CRT controller does not require access to the screen memory 
via the system busses. Since the DP8350 outputs four scan line count signals 
(LC0-LC3), you can simply decode these outputs to generate a bus available 
signal during non-display scan lines. 

Similarly, since no data is displayed during vertical retrace, you can 
use the VBLANK signal as a bus available indication. 

If a line buffer approach is used with the DP8350, the bus access 
requirements of the CRT controller are greatly reduced. Screen memory will 
only have to be accessed when the line buffer is being loaded with a fresh row 
of data. Thus if a character row consists of ten scan lines, the CRT controller 
would only require access to the screen memory during one of those scan lines 
while the line buffer is being reloaded. In this case, the CRT controller requires 
access to the system busses for less than 10% of the time. 
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THE DP8350 CRT CONTROLLER-SCREEN MEMORY INTERFACE 

In order to understand and appreciate the interface between the 
DP8350 and screen memory, we must discuss it in the context of system 
configuration. Since the DP8350 generates such a complete set of timing sig¬ 
nals, not all of them will be relevant in a particular system configuration. Let us 
begin with a simple system configuration where data from screen memory is 
presented directly to character generator logic. This configuration can be 
illustrated as follows: 



In this configuration, the DP8350 will require almost continuous 
access to screen memory. At the beginning of each scan line that comprises a 
character row, the address contained in the Row Start register will be applied to 
screen memory and the data from that location will then be presented to the 
character generator logic. The return memory addresses will be incremented 
at the character rate to access all of the characters that comprise that 
character row. This sequence can be illustrated as follows: 



No other DP8350 timing signals are required to access screen memory 
and present the required data to the character generator. The RAM Address 
Enable (RAE) and scan line count signals (LC0-LC3) can be used by bus con¬ 
tention logic to determine when the microprocessor can access screen memory 
and use the system busses. 
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Screen Memory Access Lead Time 

There is one subtle problem with the timing we have just illustrated: it 
implies that data read from screen memory is displayed immediately. This 
is not the case. To understand the reason for this, we must separate out the 
various functions that comprise the character generator logic function. The 
following illustration shows the three primary elements of the character 
generator function: 


LCGA 


Data from 
Sc'Ofln Memory 


IDVSR 

DOTCLK 



Data from screen memory serve as the symbol or character address 
inputs to the character generator. This address is then used to access the ROM 
which holds the dot pattern for that symbol. The dot pattern is read out of 
ROM and loaded into the parallel-to-serial shift register. The dot pattern is 
then shifted out serially to create the VIDEO signal. 

In this sequence, two different memory devices (screen memory and 
the character generator ROM) must be accessed and the output from each 
memory device latched Unto the character generator latch and video shift 
register respectively). Consequently, all of the access times, setup and hold 
times, and various settling and delay times are cumulative. Thus you must 
begin to access the first character for display on a scan line some time in 
advance of the point where you must actually begin presenting VIDEO to the 
CRT monitor. The DP8350 has taken these factors into consideration; it 
generates the first screen memory address approximately three character 
times ahead of the point where the first dot must be sent to the CRT moni¬ 
tor. For detailed information on timing, refer to the specifications in the data 
sheets provided at the end of this chapter. 
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If we add a character line buffer between screen memory and character 
generator logic, we can greatly reduce demands placed on system busses by 
the CRT logic. The DP8350 provides two timing signals (LBCLK and 
LBREN) which simplify implementation of a line buffer. The system con¬ 
figuration of a line buffer can be illustrated as follows: 



The line buffer has two modes of operation: during those scan lines 
which comprise the display portion of a character row, it continuously recircu¬ 
lates the data which comprises the character row. Prior to the beginning of the 
display portion of a character row, the line buffer must be loaded with the data 
which it will then recirculate. When the Line Buffer Recirculate Enable 
(LBREN) signal is high, data will be recirculated. A low level on LBREN 
indicates the time during which the line buffer is loaded with the next row of 
characters. The DP8350 sets LBREN low at the start of the horizontal blank¬ 
ing interval which precedes the non-display scan line where you want to load 
the line buffer. If the Character Generator Program input (CGPRG) is low, 
this will be during the last line of a character row, and if CGPRG is high it will 
be during the first line of a character row. The LBREN signal will remain low 
until the start of the next scan line. 
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The timing for the line buffer loading operation can be illustrated as 
follows: 



IBCIIC 



LBREN 




At the beginning of the non-display scan line where the line buffer is to 
be loaded, the DP8350 outputs the screen memory address contained in the 
Row’ Start register. The contents of this screen memory location (the first 
character of the character row) are read from screen memory and presented to 
the input of the line buffer. The LBCLK pulse generated by the DP8350 loads 
this first character into the line buffer and shifts the contents of the bufler one 
place to the right. The DP8350 increments the screen memory address to 
access the next character, and then generates an LBCLK pulse to load that 
character into the line buffer. This will be repeated, at the character rate, until 
all the characters comprising the complete character row have been read from 
screen memory and loaded into the line buffer. The LBCLK signal is not active 
during horizontal retrace and the number of LBCLK pulses generated is equal 
to the number of characters per row that you have specified. 

After the line buffer has been loaded with a line of data, the LBREN sig¬ 
nal will go high. The DP8350 then outputs an LBCLK pulse prior to the begin¬ 
ning of the next scan line where data is to be displayed. The relationship of the 
line buffer timing to character generator logic during a scan line is illus¬ 


trated in Figure 2-4. 

We have included the screen memory address outputs and the data 
access from screen memory in this timing diagram for purposes of estab¬ 
lishing reference timing only. In actuality, the address outputs would be dis¬ 
abled using the RAE signal during this time, since the line buffer is provid¬ 


ing the data required by the character generator. ...... . 

You will notice in this figure that the first LCGA signal (which latches 
the output from a line buffer into the character generator address latch) occurs 
slightly before the active edge of the Line Buffer Clock (LBCLK) and the first 
character of data is shown being output from the line buffer at this point_This 
might be confusing at first, but recall that when we loaded the line buffer, it 
was shifted a number of times equal to the number of characters on a line. 
When we have finished loading the buffer, the first character of a line is present 
at the output at that point. This is the stage at which we begin a new scan line, 
and therefore the first character is already available from the line buffer. 
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Figure 2-4. DP8350 Line Buffer and Character Generator Timing 
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Character Generator Logic Signals 

The DP8350 provides all of the signals you will require for the inter¬ 
face to character generator logic. During our discussion of screen memory/ 
line buffer timing, we described two of the character generator interface sig¬ 
nals: Latch Character Generator Address (LCGA) and Load Video Shift 
Register (LDVSR). In addition, the DP8350 provides six signals associated 
with the scan line input to character gener ator logic . The signals are Line 
Rate Clock (LRCLK), Clear Line Counter (CLRLC), and four line counter 
outputs (LC0-LC3). The timing relationships between these signals can be 
illustrated as follows: 



The LRCLK signal makes a positive transition near the beginning of 
each scan line and a negative transition at the end of the display portion of each 
scan line. The line counter outputs (LC0-LC3) are incremented on the nega¬ 
tive transitions of the LRCLK signal. The line counter outputs give the binary 
representation of the current scan line being traced (0-F 16 ). The CLRLC signal 
occurs in synchronization with the LRCLK signal during ho rizontal blanking at 
the end of the last scan line of any character row. When the CLR.Lt signal goes 
low. the line counter outputs will all go low to represent scan line zero, the first 
scan line of the next character row. 

Some character generator devices include a scan li ne counter; for these 
devices, you only need to use the LRCLK and CLRLC signals. As we have 
mentioned previously, however, the line counter outputs (LC0-LC3) may still 
be useful for other purposes within your system. If the character generator 
logic you are using does not include scan line counters, you will need the 
LC0-LC3 signals as inputs to the character generator logic. 
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CRT MONITOR INTERFACE SIGNALS 


The DP8350 provides three signals (HSYNC, VSYNC, and CUREN) 
that are directly related to the CRT monitor interface, and two others 
(EIJVSE and LCGA) that will be quite useful in implementing the inter¬ 
face. 

The Horizontal Synchronization (HSYNC) and Vertical Synchroniza¬ 
tion (VSYNC) signals are the standard signals compatible with three-signal 
CRT monitors. The exact time at which these pulses are generated and the 
width of both pulses are mask-programmable. The active logic state (negative 
or positive pulses) of both signals is also a mask programming specification. 

The HSYNC and VSYNC signals can, of course, be combined with 
VIDEO using external components to produce a composite video signal for the 
CRT monitors that require this type of input. 

The Cursor Enable (CUREN) signal Is generated by the DP8350 
whenever the screen memory address Is equal to the address contained in the 
Cursor register. Since there is no symbol for the cursor stored in memory, the 
display of the cursor on the screen must be achieved directly by bypassing 
character generator logic. The logic to generate a cursor symbol can be illus¬ 
trated as follows: 


CUREN 

VIDEO 


IFrom Character Generator 
Shift regster) 



To VIDEO 


We could have used a simple OR gate so that VIDEO would be high 
whenever a dot was shifted out of the character generator shift register or 
whenever CUREN was high. That arrangement would be fine if we specified 
that the cursor be displayed on only one scan line and cither above or below the 
scan lines where the characters are formed. The effect, in that case, would be 
the same with either an OR gate or an exclusive-OR gate. However, if we have 
specified that CUREN is to be high on all scan lines within a character field, the 
results would be different. If a standard OR gate were used, in this case, and a 
character were being displayed in the field where the cursor is to appear, that 
character would simply be overwritten by the cursor symbol since all dots 
within the character field would be on. With the exclusive-OR gate, however, if 
a character is present in a field where the block cursor symbol is to be dis¬ 
played, that character will appear in reverse video, since the co-incidence of a 
character dot and the cursor dot will cause VIDEO to be low. 

For a presentable display, the VIDEO signal to the CRT monitor must 
be turned off or low during horizontal and vertical retrace. The DP8350 does 
provide a vertical blanking (VBLANK) signal that could be used for this 
function during vertical retrace, but no equivalent signal is directly availa¬ 
ble during horizontal retrace. However, the Load Video Shift Register 
(LDVSR) signal can be used to implement this function since it is only 
active during the display portion of each scan line; it remains high during 
horizontal and vertical retrace intervals. You will recall that the LDVSR signal 
is a negative-going clock pulse which is used to transfer a parallel dot pattern 
from the character generator ROM into the parallel-to-serial shift register. 
Thus we would not want to use this signal directly to perform the blanking 
function because of the transition it makes during the display portion of the 
scan line. However, we can use the timing relationship that exists between 
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LDV'SR and the LCGA signal to our advantage. The timing relationship be¬ 
tween these two signals can be illustrated as follows: 


--Horizontal Retrace-M--Video Display-- 4 -—-Honzontal Retrace 



The LCGA signal is active at all times and its leading edge (negative-to- 
positive transition) oc curs at t he same time as the trailing edge (negative-to- 
positivc transition) of LDVSR. Given this relationship, the following circuit 
could be used to produce the video blanking signal for both horizontal and 
vertical retrace: 



Since both LDVSR and LCGA will be going high at approximately the 
same time, you must use a flip-flop whose hold time requirements are near 
zero. 
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MASK-PROGRAMMING OPTIONS 

Internally, the DP8350 is controlled by a ROM which determines 
many of the operating characteristics of the device. You can specify your 
own mask-programmed version of the DP8350 and thus obtain the func¬ 
tional characteristics needed for your particular application. Here are the 
options that you can specify: 

• Character size up to 16 dots in width and 16 scan lines in height 

• Characters per row ranging from 5 to 110 

• Character rows per frame ranging from 1 to 64 

• Dot clock frequency up to 25 MHz 

• VSYNC frequency (frame refresh rate): two different frequencies 
can be programmed 

• HSYNC and VSYNC pulse position, duration, and polarity 

• Cursor type (block or single line) 


Timing 

Chain 


Many of these options are interrelated and are based upon the timing 
chain that you specify. Your starting point in specifying the programmable 
options will depend on your application and such factors as whether the most 
important criteria are displaying a large number of characters, displaying 
characters with great resolution, using widely available low-cost CRT moni¬ 
tors, and so on. Let us begin by seeing what some of the limits are on the tim¬ 
ing chain specification. 

The timing chain illustration that follows is the generalized one we 
developed in Chapter 1 with maximum allowable values for the DP8350 
inserted: 2 5 MHl 


+ 512 Scan lines 1 Screen 
(Max) 



DOTCLK (Video) 


Dots Character 


Character Clock 


Characters Scan Line (Including retrace) 


Horizontal Sync 


Scan Lines Character Row 


Data Row Clock 


Data Rows Screen (Including retracel 
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The values shown in this illustration should be viewed as separate 
entities, each representing the maximum possible value that could be 
included in a timing chain developed around that box. The interrelationship 
of various elements of the timing chain also imposes certain limitations on the 
programming options you can specify. For example, the maximum dot clock 
frequency permitted is 25 MHz and the maximum character rate frequency is 
2.5 MHz. If you are using a 25 MHz dot clock, the mimimum number of dots 
per character along a scan line is ten, since a lesser number would produce a 
character dock exceeding 2.5 MHz. 

There are several programming specification limitations that are 
implied in the manufacturer’s literature but not directly stated. For exam¬ 
ple, we stated at the outset of this discussion that you can specify from 5 to 
110 characters per character row. Internally, the DP8350 uses a 7-bit counter 
to count character times, making the maximum number of character times per 
scan line 128. This upper limit of 128 also includes horizontal retrace time, 
since the DP8350 uses the character rate clock to time this function also. 
Rather than stating an upper limit of 110 characters per row, it Is more 
meaningful to state that the number of characters per row, plus horizontal 
retrace time expressed in character times, cannot exceed 128. 

A similar limitation exists with the maximum number of character 
lines per frame that you can specify. You can specify that a character row be 
comprised of up to 16 scan lines and you can specify as many as 64 character 
rows per frame. If you specify these maximum numbers for both, the total 
number of scan lines per frame is 1024. However, the DP8350 uses a 9-bit 
counter to count lines per frame; this imposes an upper limit of 512 scan lines 
per frame, and the time required for vertical retrace must also be taken out of 
the 512 scan line times. Thus, while the maximum values of scan lines per 
character and character rows per frame are 16 and 64 as we stated at the out¬ 
set, the total number of scan lines per frame including vertical retrace time 
cannot exceed 512. 


The DP8350 Series Option Program Table 

Table 2-1 is a reproduction of the table you use to specify how you w ant 
the DP8350 ROM mask-programmed to obtain the operating characteristics 
you require. Most of the entries in Table 2-1 are self-explanatory and con¬ 
sist either of establishing elements of the timing chain or positioning and 
defining the duration of various pulses within the timing chain. We will 
begin our discussion with the entries at the top of the table. In practice, 
however, your starting point might be elsewhere, depending on the primary 
operating criteria for your application. For example, if it is important that you 
be able to use a widely available commercial CRT monitor, you will first estab¬ 
lish dot clock, HSYNC, and VSYNC frequencies that are compatible with 
those CRT monitors. 

The first four entries In Table 2-1 define the size of characters that 
will be displayed. Entries 1 and 2 specify the size of the actual character itself, 
while entires 3 and 4 define the size of the field within which the character will 
be displayed. Entries 1 and 2 are therefore actually irrelevant and do nothing 
to determine the operating characteristics of a DP8350; dot timing, 
character timing, scan line timing, and so on will all be derived from the 
specified size of the character field. The character generator logic which you 
use in conjunction with DP8350 uses these timing signals to produce the 
desired character size within the field. 
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Table 2-1. DP8350 Senes Option Program Table 


Character (Font S>ze) 


Character FxM (Block Size! 


Dots per Character 
Scan Unes per Character 


Dots per Character 
Scan Unas per Character 




Number of Video Characters per Row 


Number of Video Character Rows per Frame 


Number of Video Scan Lines (Item 4 x item 61 


Frame Refresh Rate IHz) (two frequencies allowed) 


Delay afterbefore Vertical Blank start to start of Vertical sync (+/— Number of Scan Lines) 


Vertical Sync Width (Number of Scan Linesl 


Delay after Vertical Blank start to start of Video (Number of Scan Lines) 


Total Scan Lutes per Frame (Item 7 + item 11=13 + Item 8) 


Horizontal Scan Frequency (Lme Ratel (kHz) Item 8 x ttem 12 


Number of Character Times per Scan Line 


Character Clock Rate (MHz) Item 13 X Item 14 


Cheracter Time (ns) (1 + ftem 15) 


Detoy after .before Horizontal Blank start to Horizontal Sync start (+/- Character Times! 


Horizontal Sync Width (Character Times) 


Dot Frequency (MHzl (Item 3 x item 15) 


Dot Time (ns) (1 + Hem 191 


Vertical Blanking Stop before start of Video (Number of Scan Lines) 
(Range = ttem 4—1 line to 0 I nes) 


Cursor Enable on ad Scan Lines of a Row? (Yes or No) If not which Line? 


Does the Horizontal Sync pulse have Serrations during Vertcal Sync? (Yes or Nol 


Width of Lme Buffer Clock log>c "0" stato within a Character Time 
(Number of Dot Tune increments) 


Serration Pulse Width, if used (Character Tunes) 


Horizontal Sync Pulse Active state logic level (1 or 0) 


Vertical Sync Pulse Active state logic level 0 or 0) _ 


Vertical Blanking Pulse Active state logic level (1 or 0) 


H the Cursor Enable, item 22. is active on only one line of a character row. then Item 21 must be either “1" or O' 
unless >t is the same as the line selected for Cursor Enable 

item 24 x item 20 should be > 250 ns 
item 11 must be greater than item 4 ♦ 1 


i is reprinted by permission of National Semiconductor. Inc. 
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Table 2-2. DP8350 Program Table* 


Item 

No. 

Parameter 

Value 

1 

2 

Character (Font Sue) 

Dots per Character 

Scan Lines per Character 

5 

7 

3 

4 

Character Field (Block Size! 

Dots per Character 

Scan Lines per Character 

7 

10 

6 

Number of Video Characters per Row 

80 

6 

Number of Video Character Rows per Frame 

24 

7 

Number of Video Scan Lines (Item 4 * Item 6) 

24 

0 

8 

Frame Refresh Rate (Hz) Itwo frequencies allowed) 

fl = 60 

fO - 50 

9 

Delay after before Vertical Blank start to start ol Vertical sync 1+/- Number of Scan L**es> 

4 

30 

10 

Vertical Sync Width (Number of Scan Lines! 

10 

10 

11 

Delay after Vertical Blank start to start of Video INumber of Scan Lines) 

20 

72 

12 

Total Scan Lines per Frame litem 7 ♦ item 11 = 13 +■ Item 81 

260 

312 

13 

Horizontal Scan Frequency (L«ne Ratal IkHzl Hem 8 x Item 12 

15 6 KHz 

14 

Number of Character Times per Scan Line 

100 

15 

Character Clock Rate (MHz! Item 13 x item 14 

1 56 MHz 

16 

Character Time (ns) (1 + Item 15) 

641 ns 

17 

Delay after before Horizontal Blank stert to Horizontal Sync start (♦/- Character Timesl 

0 

18 

Horizontal Sync Width (Character Times! 

43 

19 

Dot Frequency (MHz! (Item 3 x Item 15) 

10 92 MHz 

20 

Dot Time (nsl (1 +• Item 191 

91 6 ns 

21 

Vertical Blanking Stop before start of V«deo INumber of Scan Lines) 

(Range • item 4 - 1 line to 0 lines) 

1 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) If not. which Line 7 

Yes 

23 

Does the Horizontal Sync pulse have Serrations during Vertical Sync? (Yes or No! 

No 

24 

Width of Lme Buffer Clock logic "0" state withm a Character Time 
(Number of Dot Time increments! 

4 

26 

Serration Pulse Width, if used (Character Times) 

NA 

26 

Horizontal Sync Pulse Active state logic level (1 or 0) 

1 

27 

Vertical Sync Pulse Active state logc level (1 or 0) 

0 

28 

Vertical Biank-ng Pulse Active state logic level <1 or 0! 

1 

Note 4 

’ 80 ch 

Horizontal and Vertical sync pulses are compatible with Ball 

Brothers TV-12 or TV-120 senes monitors or equivalents 

aracters 'row x 24 character rows. 7 x 10-character cell dot matrix 


This table is reprinted by permission of National Semiconductor. Inc 
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Vertical Blanking Stop before start of Video INumber of Scan Lines) 
(flange ■ Item 4 - t line to 0 lines) 


Cursor Enable on all Scan L*nes of a How? (Yes or Nol If not. which Line? 


Does the Horizontal Sync pulse have Sanations during Vertical Sync? (Ye* or Nol 


Width of Line Buffer Clock logic "0" stato within a Character T.me 
INumber of Dot Time increments) 


Serration Pulse Width, if used (Character Times) 


Horizontal Sync Pulse Active state logic level (1 or 01 


Vertical Sync Putse Active state logic level It or 0) 


Vertical Blanking Pulse Active state logic level (1 or 0) 



Horizontal and Vertical sync pulses are RSI 70 Compatible 


32 characters row x 16 character rows. 9 x 12-character cell dot matrix 


T>»* table is reprinted by permission of National Semiconductor, ktc. 
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Table 2-4. DP8353 Program Tabic* 


Item 

No 

Parameter 

Value 

1 

Character (Font Size) 

Dots per Character 

Scan Lines per Character 

7 

9 

2 

3 

Character Field IBIock Size) 

Dots per Character 

Scan Lines per Character 

9 

12 

4 

5 

Number of Video Characters per Row 

80 

6 

Number of Video Character Rows per Frame 

25 

7 

Number of Video Scan Lines (Item 4 x item 61 

3C 

K> 

8 

Frame Refresh Rate IHz) Itwo frequences allowed) 

11 - 60 

fO « 50 

9 

Delay after before Vertical Blank start to start of Vertical sync (+'- Number of Scan Lines) 

0 

32 

10 

Vertical Sync Width (Number of Scan lines) 

3 

3 

11 

Delay after Vertical Blank start to start of Video iNumber of Scan Lines! 

20 

84 

12 

Total Scan Lines per Frame litem 7 ♦ item 11 = 13 + Item 81 

320 

384 

13 

Horizontal Scan Frequency (Line Rate) IkHz) Item 8 x Item 12 

19 20 kHz 

14 

Number of Character T.mes per Scan Line 

102 

15 

Character Clock Rate IMHz) ttem 13 x item 14 

1.9584 MHz 

16 

Character Time (ns) <1 ♦ Item 1 SI 

510.6 ns 

17 

Delay after before Horizontal Blank start to Horizontal Sync start (+?- Character Times) 

5 

18 

Horizontal Sync Width (Character Times) 

9 

19 

Dot Frequency IMHz) (item 3 x Item 15) 

17 6256 MHz 

20 

Dot Time (ns) (1 Item 19) 

56 7 ns 

21 

Vertical Blank.ng Stop before start of Video (Number of Scan Lines) 

(Range ■ Item 4 - 1 line to 0 lines) 

1 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) If not. which Line? 

Yes 

23 

Does the Horizontal Sync pulse have Serrations during Vertical Sync? (Yes or No) 

No 

24 

Width of Line Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time increments! 

5 

25 

Serration Pulse Width, if used ICharecter Times) 

N/A 

26 

Horizontal Sync Pulse Active state logic level 11 or 0) 

1 

27 

Vertical Sync Pulse Active stale logic level (1 or 0) 

1 

28 

Vertical Blanking Pulse Active state k)g»c level (1 or 0) 

1 


Not* 4: Horizontal and Vertical sync pulses ar* compatible with Motorola M3000 series monitors or equivalents 


■ 80 characters/row *26 character rows, 9 x 12-character cell dot matrix 


This table is reprinted by permission of National Semiconductor, he. 




























































The DP8350 CRT Controllers 2-29 


Item #5 in the option program table specifies the number of dis¬ 
played characters per row. This in turn establishes the number of LD\ SR 
pulses per line. Item #14 is the number of character times per scan line 
and includes the horizontal retrace delay. Thus, item #5 plus the horizontal 
retrace delay stated in character times is equal to item #14, w hich in turn 
determines the character clock rate for the DP8350. 

Item #7 indicates the number of dlsplayable scan lines per frame 
and is the product of scan lines per character (item #4) and character rows 
per frame (item #6). As we discussed earlier, this value, plus the vertical 
retrace time expressed in scan lines, cannot exceed 512; thus, the maximum 
value for item #12 is 512. 

Vertical retrace takes place during vertical blanking, which is automat¬ 
ically initiated at the end of the last displayed scan line. The duration of the 
non-video portion during vertical retrace is defined in terms of scan lines in 
item #11. The starting point for the VSYNC pulse and its duration are 
defined by items #9 and #10 respectively. The following illustration 
shows the relationships between VBLANK, VSYNC, and the video portion of 
each frame: 

1 scan line--I 

time 1 


@ VBLANK 
( 25 ) VSYNC 


{ 


1 


Video 


Last d-splaved 
scan line of frame 




4b 


-{111- 


/ 


-B- 


^Oto I© - II 
f scan lines 


—ds—l 


1 st d splayed scan line 
of frame 


/ 


Items #27 and #28 simply specify the polarity, or active logic 
state, for the VBLANK and VSYNC signals. 
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The HSYNC frequency is specified in item #13. It is the product of 
vertical refresh rate (item #8) times total scan lines per frame (item #12). 
It can also be derived, of course, by dividing the character clock rate 
(item #15) by the number of character times per scan line (item #14), 
depending on which direction you are working along the timing chain. The 
position and duration of the HSYNC pulse in relation to the horizontal 
blanking or non-video portion of each scan line are specified in items #17 
and #18 respectively. This relationship can be illustrated as follows: 

Last character 1 si character 



The polarity of the HSYNC pulse is specified in item #26. 
Items #23 and #25 define whether the HSYNC pulse Is to have serra¬ 
tions during vertical retrace time. These serrations may be required with 
some monitors and, if so, the pulse widths of the serrations are specified in 
item #25. 
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The following illustration shows how the various entries in the 
DP8350 series option program table relate to the generalized timing chain 
which we developed in Chapter 1. 


Opt>on Program 
Table Entry * 


Scan lines 1 Screen 
llnclud »g retrace) 


1 


© 


0 5) 


:i4 


(13) 




Tables 2-2, 2-3, and 
grammed devices available. 


2-4 are option program 


tables for the prepro- 
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DATA SHEETS 


This section contains specific electrical and timing data for the DP8350. 










Crystal Inputs Xi and X2: Tna Pierce’Mype oscillator 
is controlled by an external crystal providing para 1 lei 
resonant operation. Connection of external bias compo¬ 
nents is made to pm 22 (XI) and pin 2t tX2) as shown In 
Figure 6. It is important that the crystai be mounted In 
c.ose proximity to the Xt and X2 pins to ensure that 
printed circuit trace lengths are kept to an absolute mini¬ 
mum. typical specifications for the crystal are shown m 
Tab>e a tor each ot the standard products. DP8350, 
DP8352. and DP8353 When customer mask opt ons re¬ 
quire higher frequencies, it may be necessary to change 
the cryslat specifications and b-asmg components. It 
the CRTC «s to be clocked by an external system dot 
ctock. pin 22 (Xt) should be driven directly by Scholtky 
family logic while pm 21 (X21 is toll open. The typical 
threshold for pin 22 <X1| is Vcc'2 


Table 4. Typical Crystal Specifications 
Specification 


Type I 

Frequency 

Tolerance 

Stability _ 

Resonance 
Maximum Series 

Resistance 

Load 

Capacitance 


At-Cut__ I 

10.92MM; 7 02MHz ] 17 6256 MH; 
0 005*c at 25*C 
0 Ot S from 0 ‘Clo -r-70*C 
Fundamental, Parallel 


„5J =: *• h 

MPT S'SO f—i 


Figure 6. Dot Clock Oscillator Configuration with 
Typical External Bias Circuitry Shown 


Custom Order Mask Programmability: The DP8350 
Series CRT controller is available in three standard op¬ 
tions designated DR8350, 0P8352, and OR83S3 The 
lunctionai format ot these devices was selected to meet 
the typical needs ot CRT lermmai designs. In c'der to 
accommodate spec-fic customer formals. the DP83S0 
series CRT controller Is mas* ptogrammab o with a 
diverse range ot options available The items listed in 
the program table worksheet ndlcate the available 
options, while Table 5 tabulates the programming corn 
strain!*. 


Table S. Mask Programming Limitations 

Deslo 1 « . I Min. Msx. 

nation i Parameter I value Value 

j Dot Rate Frequency__OC 30 MHz 

fcwxe 1 Ch ara cter Rate Freq u ency _ DC 2 5 MHz 
— "bne Buffer dock Logic "0 i 

_^ Wi din (Hem 20 x Item 24) I 200ns 

Item 3 i Dois per Cnaractor Field 

] Width _ 4 ’6_ 

Item i *Scan Lines per Character 
_ Fietd _2 ife 

Item l2 Stan L-rbs pc- F rame _St2 

Item t<‘Character Times Vitteoj 5 12 2 

j per Row _ Blanking 6 123 

Item 111 Scan Lines per Vi- 

Blanking _ »2 _ 

it the cursor enable output, item 22. is activa on omy o*>e 
Imeot a character row, then Item 21 value must be either 
"1 or 0" o* equ'-ra-ent to the line selected for lha 
cursor enable oolou! 


Data sheets on pages 2-33 through 2-38 reprinted by permission of National Semiconductor Corporation. 
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DP8350 


Absolute Maximum Ratings iNote n 

Supply Voltage, V<x 7.0V 

Input voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range 65'C to *150*C 

Lead Temperature laddering, 10 seconds! 300*C 


Operating Conditions <Noie e> 

Min. Max. Units 

Vcc. Supply Voltage 4.75 555 V 

T*. Ambient Temperature 0 *70 *C 


Electrical Characteristics Vcc-sva^.Ta-o’cto*7o*ciNotes 2 .a,anos> 


Parameter 

Conditions 

Min. 

Typ. | Max. 

Unit* 

V|N 

Logic T Input Voltage 

All inputs Except XI. X2 RESET 
RESET 


2.0 

2.6 



V 

V 

V,L 

Logic "0" Input Voltage 

All Inputs Except Xt, X2 




0.6 

V 

Vhvs 

RESET Input Hysloresis 



0.4 


V 

Vciamp 

Input Clamp Voltage 

All Inputs Except XI, X2 

l,n = -12mA 


-04 

B9 

V 

•las 

Logic "i" Input Current 

Ag-A 1t 



10 

too 


All Other Inputs Except Xt, X2 

Voc-5.25V. V, N = 5.25V 


2 

20 

mA 

k 

Logic "0" Input Current 

Ao*A v 

Enable input = 0V. 

Vcc = 5 25V. V„ = 05V 


-20 

-100 

iA 

All Other Inputs Except XI. X2 

Vge = 5 25V. V.h=05V 


-20 

— 

hA 

V 0 H 

Logic "I" Output Voltage 

I om w-100u* 


4.1 

■■ 

V 

•om ■ “1 mA 

2.5 

3.3 


V 

Voi 

Logic "0" Output Voltage 

Iql ■ 5 mA 


0.35 

0.5 

V 

•os 

Output Short Circuit Current 

V CC = 5V, Vour = 0V (Note 4) 

HUH 

40 

too 

mA 

Igc | Power Supply Current 

V cc = 5 26V 

■■1 

165 

260 

mA 

j_ 


Not* 1: -Absolute Maximum FUlngs - are these values beyond which It's safety of 1 h# device cannot Pa guaranteed. They are ool 
meant to impry that the device snouid be operated at thee* limits. The table of • Electrical Characteriatlea" provide* conditions tor 
actual device operation 

Note 2 . Unless otherwise specified, mm imix limit* apply across the 0*C to -T0*C temperature range and the 4 7SV 10 5 25V power 
supply ranoe All typical values are for T a ■ 25'C and V cc » 5 0V arxl are intended lor reference only, 

Note »: All currents-nto device pns are shown at pOS'l re. all current* out ot device pins are shown as nepati.e all voltages *r* refer¬ 
enced to ground, unless omerwise spec i ed All values shewn as max. or min are so classified on ebsohjtt value basis. 

Note A Only one outpul at a time should be shorted 

Note 5: Etectrvcal specifications do not apply to p*n 17, exlernel cna'i n« clock, a* th<s pm is used for production lestmg only. 
Nola 4: Functional operation of device Is not guaranteed when operated beyond specified operating condition limits 


Switching Characteristics v cc .5ove5'.,T A = 2 s*c<Noien 


Parameter 

Load 

Circuit 

Notes 

Min. 

Typ- 

Max. 

Units 

Symmetry 

Dot Rate Clock Output High 
Symmetry With Crystal Control 

1 


50%-4 

50% - 2 

50% 4-1 

ns 

•sat 

XI Input to Dot Rate Clock 

Output Positive Edge 

1 



17 

22 

ns 

•poo 

Xt Input (o Dot Rate Clock 

Output Negative Edge 

1 



21 

mm 

ns 

*0i 

Dot Clock to Load v oeo Shitt 

Reg sler Negative Edge 

1 




n 

ns 

•u 

Dot Clock to Load Vrdeo Shift 
Register Positive Edge 

1 




16 

ns 

•oi 

Dot Clock to Latch Character 
Generator Positive Edge 

1 



6 

13 

n* 

tp4 

Dot Clock to Latch Character 
Generator Negative Edge 

1 



6 

to 

ns 
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DP8350 


Switching Characteristics tconfd) v<x - s-ov »s»., ■ 2 5*c i Note 7i 


Parameter 

Load 

Circuit 

Notas 

Min. 

Typ- 

Mas. 

Units 

to2-t» 

Latch Character Genoralor Positive 
Edge to Load Video Shift Register 
Postive Edge 

■ 


0 

3 


ns 

Ids 

Dot Clock to Une Butter Clock 
Negative Edge 




23 

35 

ns 


Lme Butter Clock Pulse Width 

1 

8.9 

NtDTl 

N<DT)*e 

N|DT)vi2 

ns 

>oe 

Dot Clock to Cursor Enable Output 
Transition 

1 



24 

36 

ns 


Dot Clock to Valid Address Output 

1 



15 

25 

ns 

toe 

Latch Character Generator to Line 
Rate Clock Transition 

1 

8 




ns 

*09 

Latch Character Generator to 

Clear Line Counter Transition 

1 

6 


400+ DT 

700+ OT 

n» 

*010 

Tine Rate Clock lo Line Counter 
Output Transition 

1 



60 

120 

ns 

ton 

Line Rate Clock to Line Butler 
Recirculate Enable Transition 

1 



195 

300 

ns 

*012 

Lme Rate Clock to Vertical 

Blanking Transition 

1 



160 

300 

ns 

*013 

Line Rato Clock to Vertical Sync 
Transition 

1 



220 

300 

ns 

•c'l 

Latch Character Generate* to 
Horizontal Sync Transition 

1 



96 

150 

ns 

*81 

Register Select Set up Be'ore 
Register Load Negative Edge 



0 



ns 

~t^i 

Register Select Hold Atier Register 
Load Positive Edge 



0 



ns 

Isi 

Valid Address Input Set-Up Before 
Register Load Positive Edge 



260 



ns 

*H2 

Valid Address Hold Time After 
Pegister Load Positive Edge 



0 



ns 


Register Load Required Pulse Width 



150 

65 


ns 



2 



15 

30 

ns 


Delay from Enable Input to Logic 
"0" and Logic “1“ from Address 
Output High Impedance State 

1 2 



17 

30 

ns 


Net* 7: Typical value* are 1o> Vcc • S OV T* *25'C ana are meani lor refetenc* only 
Not# t DT" Oenoles dot rale clock period lime, «t*m 20 from oplion lomnat tat-e 
Not# 9; "N" denotes value of ilem 24 from option formal labie__ 


Switching Load Circuits 
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K Mr* . 
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m t 

r-w~' 

u 

, 

■* 

L \ 

r 

t * 

l i 


Load Circuit 1 Lo,d Circuit 2 

Note: Cl Include* pro©# ana jip capac'lance *'l 0>»d#s are IN9U o< atj-jivaienl 
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DP8350 


Switching Waveforms 
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Figure 7, Dot Rjne Clock Output Waveform Symmetry 
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Figure 9. DotlCharacler Rate Timing 
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IP8350 

Switching Waveforms (corn’d) 
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DP8350 


Timing Diagrams (con'd) 
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The 8275 CRT Controller 


The 8275 CRT controller represents an interesting contrast to the 
DP8350 device described in the preceding chapter. The designers of these 
two chips have taken completely different approaches to implementing the 
controller function. While both devices allow you to specif) many options, 
such as character size and timing chain parameters, the 8275 options are 
specified under program control instead of being mask-programmed as in 

the DP8350. . . . , 

The unique feature of the 8275 CRT controller is the inclusion of two 

80-character buffers within the device. The presence of these data buffers and 
the microprocessor interface logic provided by the 8275 imply, and in fact 
demand, a very specific system configuration — one that is quite different trom 
that which would be used with the DP8350. 

Figure 3-1 illustrates those logic functions of the idealized IK I con¬ 
troller. which we described in Chapter 1, that are provided by the 8275.1 he 
two most notable aspects of this figure are the presence of line buffer logic 
and the absence of any refresh memory addressing logic. The 8. , - device will 
often be used in conjunction with a DMA controller such as the 8257. I he 
DMA controller generates the screen memory addresses and loads the data 
that is to be displayed into the 8275"s row buffers. 

Figure 3-1 indicates that the 8275 device provides memory contention 
logic, but no scrolling lo R ic. The memory contention logic actually consists of 
those signals used to interface to the DMA controller; the 8275 device 
simply waits for external logic (such as a DMA controller) to provide it with 
data it has requested. The scrolling function is also performed via externa 
logic; scrolling is easily implemented in an 8275 system but is perlormed 
transparently so far as the 8275 device itscll is concerned. 
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Figure 3-1. 8275 CRT Controller Function Logic 

The 8275 does not provide any dot timing logic but does generate the 
lower frequency scan line counter signals and HSYNC and VSYNC timing 
signals. The cursor logic and blanking logic provided by the 8275 is quite 
extensive and allows you to easily implement a number of options with a 
minimum of external circuitry. Light pen logic is also provided by the 8275. 

The sole manufacturer of the 8275 device is: 

INTEL CORPORATION 
3065 Bowers Avenue 
Santa Clara, CA 95051 
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THE 8275 CRT CONTROLLER PINS AND SIGNALS 

Figure 3-2 shows the pin assignments and signals for the 8275. We 
will provide a brief description of each signal since this will serve as a good 
introduction to. and overview of. the capabilities of the 8275. W c will discuss 
the uses of the signals and their interrelationships in more detail later m this 

chapter. , , . . . 

The 8275 signals may be divided into three categories: signals used to 

interface the controller to the microprocessor and system busses, signals 
used to interface the controller to character generator logic, and signals 
directly related to the controller-C RI monitor interface. 

The microprocessor system-controller interface signals are described 

below. n . 

Microprocessor C5 is a standard chip select input signal which would typically be 

Interface generated by system address decoding logic. CS musi be low m order to rca^. 

Signals status from, or write commands to, the 82 7 5. Note that the CS signal must 
remain inactive when writing display data into the 8275’s row buffers since 
this is performed under control of external (DMA) logic. 

AO is the register address input that specifies which of the 8275 s 
internal registers Is to be accessed by a read or write operation. 

RD is the Read signal that controls the output of status data or 
para meter s from the 8275 onto the data bus. 

W R is the Write signal that must be low when command or parameter 
information is to be written into one of the 8275’s internal registers. It is 
also active when data is written into the row buffers. 

DB0-DB7 are the data bus lines used to exchange 8-bit parallel bytes 
of information between the 8275 and the microprocessor system. These 8 tri- 
state lines are bidirectional. 

IRQ is an Interrupt Request output. You can program the 82 /> so that 
an interrupt request will be generated at the end of each frame when the last 
display row of the screen is begun. 

DRQ is the DMA Request signal used to request transfer of data from 
memory t o the 82 75 row buffers. 

The DAC'K input is the DMA Acknowledge signal from a DMA con¬ 
troller and indicates that the DMA cycle requested by DRQ has been granted. 
DACK serves as the chip select input when data from screen memory is being 
loaded into the 8275 row buffers. 

CCLK is the Character rate Clock used to time all of the internal 
operations of the 8275. This clock signal must be derived from external dot 
timing logic. Thus it is not truly a microprocessor system interface signal, but is 
associated more with the video and character generator logic. Nonetheless, we 
have grouped it with the other microprocessor interface signals since it is the 
primary timing input to the 8275 device. 

V(< and GND are the standard power ( + 5 volts) and ground connec¬ 
tions. 


Microprocessor System 
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GND- 


Pin Name 


Description 


Type 


Chip Select 
Register Address 
Reed Control Signal 
Write Control Signal 
Data Bus Lines 
Interrupt Request 
DMA Request 
DMA Acknowledge 
Character Rate Clock 
Power (♦ 5 VI and Ground 


Input 

Input 

Input 

Input 

Bidirectional. Tristate 

Output 

Output 

Input 

Input 


WR 

DB0-DB7 

IRQ 

PRO 

bACK 

CCLK 

V C C- GND 


CC0-CC6 

LC0-LC3 


Character Code (Inputs to Character Generatorl 
Scan Line Counter 


Output 

Output 


Honcontal Retrace (HSYNC) 

Vertical Retrace IVSYNC) 

Video Suppression (blanking) 

Light Enable (cursor) 

Reverse Video Indicator 
Highlight Indicator 
Line Attribute Code Signals 
General Purpose Attnbute Code Signals 
Light Pen Detect Signal 


Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Input 


RW 
HGIT 
LAO. LAI 
GPAO. GPA1 
LPEN 


8276 


Figure 3-2. 8275 CRT Controller Pins and Signals 
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Character 

Generator 

Signals 


CRT Monitor 
Signals 


There are two sets of signals associated directly with character genera¬ 
tor logic: CC0-CC6 and LC0-LC3. 

CC0-CC6 are the Character Code Outputs from the H275 which will be 
used as Inputs to character generator logic. The 7-bit character codes are 
simply the contents of the 8275's internal character row buffers and typically 
represent ASCII characters. Note that you load the internal row buffers with 8- 
bit data characters from memory but only output 7-bit character codes; the 
most significant bit of the memory data word is used to differentiate between 
special control codes and data for display and is not output on the character 
code lines. The most significant bit of data that is to be displayed must be set to 
0. With the remaining 7-bit character codes you can represent Us different 
characters. These are typically address inputs to the character generator. 

The LC0-LC3 outputs are scan line counter signals which are used by 
character generator logic to select the proper dot pattern for the particular 
scan line currently being output. These are typically additional address 

inputs to the character generator. .... , 

The 8275 provides an abundance of CRT monitor-related signals. 
Some of these signals are the familiar ones we have encountered and discussed 
in previous chapters, while others arc unique, special-purpose signals. Let us 
begin with the standard CRI monitor signals. 

HRTC and VRTC are the Horizontal and Vertical Retrace signals 
which, in more standard nomenclature, are usually named Horizontal Syn¬ 
chronization (HSYNC) and Vertical Synchronization (\S\NC). The dura¬ 
tion of both of these signal pulses is programmable and is established using the 

Reset command. .... . , . . 

VSP is the Video Suppression or blanking output that external logic 
can use to blank the video signal to the CRT monitor. The primary function 
of this signal is to suppress video during horizontal and vertical retrace opera- 
lions, and it is automatically set high by the 8275 during these intervals. There 
are several other programmable functions for this signal which we shall discuss 
further when we describe the CRT monitor interface. 

LTEN Is the Light Enable signal which can be used to override 
character generator logic and present a continuous stream of dots to the CRT 
monitor. The primary function of this signal is to produce a cursor symbol at 
a programmed position on the screen. The signal can also be used in conjunc¬ 
tion with special visual attribute codes to produce graphic tnon-alphanumcricj 

RVV is the Reverse Video signal which can be used by external logic to 
cause an inversion of the normal video signal. The result of this inversion is 
that a white character on a black background is displayed as a black character 
on a white background. You can also specify a reverse video cursor block 
instead of an underscore cursor: the RVV signal would be used to produce the 

reverse video symbol. , . 

HGLT is the Highlight output signal which can be used by external 
logic to produce a dual-intensity display. The 8275 outputs HGLT high at 
screen positions that you specify under program control. It is then up to exter¬ 
nal logic or CRT monitor electronics to intensify the electron beam at those 

points on the screen. . , , . . 

LAO and LAI are Line Attribute signals which can be decoded by 
external logic to generate a set of predefined horizontal and vertical line 
combinations to produce a limited set of 11 graphic symbols. These two sig¬ 
nals are automatically activated by the 8275 when one of the special contro 
codes is read from screen memory. 
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GPAO and GPA1 are General Purpose Attribute signals which can be 
used by external logic to generate special graphic symbols beyond those pro¬ 
vided by the LAO and LAI codes. Since these signals have no predetermined 
functions, you can also use them for other system control functions. These sig¬ 
nals are also activated automatically by the 8275 when appropriate control 
codes are read from screen memory. 

LPEN is the Light Pen detect input signal which, in conjunction with 
exernal logic, can be used to implement a light pen circuit. A positive edge on 
the LPEN input causes the 8275 to capture and store the present row and col¬ 
umn screen position information that it maintains in its internal counters. 

As you can see from the preceding paragrahs, many of the CRT moni¬ 
tor interface signals require external logic in order to perform the function 
that they are intended for. We shall describe in some detail how these func¬ 
tions might be implemented later in this chapter when we discuss the CRT 
monitor interface. We will also see that many of these signals could be used to 
implement functions other than those indicated by their names, since all you 
are really doing is turning the signals on and off under program control at 
specified screen positions. 


THE 8275 CRT CONTROLLER PROGRAMMABLE REGISTERS 

The 8275 provides a number of internal registers which can be 
accessed under program control to direct the operation of the device and to 
obtain information from the device concerning its operation. The 8275 
registers are illustrated in Figure 3-3. 

The three pr imary r egister types are Status, Command, and 
Parameter. The £0, RD, WR, and signals determine which register will 
be accessed. The conditions for accessing these registers are listed in Table 
3-1. The Status register is a read-only register, the Command register is a 
write-only register, while some of the Parameter registers are read-only and 
others are write-only. The Command and Status registers can be directly 
accessed by the microprocessor at any time, but the Parameter registers can 
only be accessed as part of a command sequence. The Parameter registers are, 
effectively, a secondary set of internal registers. To access these secondary- 
registers, you must first write a command byte into the Command register and 
then follow that command with read or write operations directed to the desired 
secondary registers. 

We will defer a discussion of the individual bit assignments of the Com¬ 
mand register and the secondary set of registers until we discuss the 8275 com¬ 
mands in detail. At this point, we will limit our discussion to the individual 
bit assignments of the Status register. 



Figure 3-3. CRT Controller Registers 
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Status 

Register 


Table 3*1. 8275 Register Select Logic 


cs 

AO 

RD/Wfi 

Register Accessed 

L 

H 

RO 

Status 

L 

H 

WH 

Command 

l 

L 

RO 

Paramatar Reg 

L 

L 

Wfl 

Parameter Reg 

H 

X 

X 

— none— 


Figure 3-4 shows the bit assignments for the 8275 Status register. The 
Status register is a read-only register and its contents can be read by the 
microprocessor at any time. 

Status register bit 0 is the FIFO (first-in-first-out) Overrun bit. In 
addition to the two 80-charactcr row buffers provided by the 8275, there are 
two internal 16-character FIFO registers. These FIFOs are used when you 
assign special attributes to character fields within a row and want to have that 
assignment or control code be invisible. If you attempt to assign more than 16 
of these invisible field attribute control characters to a single character row, 
then bit 0 of the Status register will be set. We will give a fuller discussion of the 
invisible field attributes later in this chapter when we describe screen composi¬ 
tion definitions. Bit 0 of a Status register will be reset when you perform a read 
of the Status register contents. 

Bit 1 of the Status register is the DMA Underrun bit, and will be set to 
1 if a DMA transfer requested by the 8275 has not been completed within the 
allotted time. (You specify under program control the time between DMA 
requests; if a preceding request has not been acknowledged by the time the 
next request is made, a DMA underrun condition exists.) The DMA underrun 
bit is reset whenever you read the contents of the Status register. 

Bit 2 of the Status register is the Video Enable bit and will be set 
whenever the video operation of the CRT is enabled. This bit is set by issuing 
the Start Display command to the 8275 and is reset by issuing a Stop Display or 
Reset command. 

Bit 3 of the Status register is the Improper Command bit and indicates 
that an error was made when issuing a command to the 8275. It you issue or 
attempt to read an incorrect number of parameter bytes (either too few or too 
many) following a command, this bit is set. The Improper Command bit is au¬ 
tomatically reset after you read the contents of the Status register. 

Status register bit 4 is the Light Pen Input bit and is set when a nega- 
tive-to-positive transition is detected on the LPEN input to the 8275. Since 
detection of the LPEN input transition does not generate an interrupt, the 
microprocessor must check the state of Status register bit 4 to determine 
whether the LPEN signal has been detected. This bit is reset after you read the 
contents of the Status register. 
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■Status Register 

-FIFO (Field Attributes! Overrun 

■DMA Underrun 

-Video Enab4e 

-Improper Command 

-Light Pen Input 

-Interrupt Request 

- Interrupt Enable 


Figure 3-4. 8275 CRT Controller Status Register Bit Assignments 


Bit 5 of the Status register is the Interrupt Request bit and will be set, 
if you have enabled interrupts, when display of the last character row of a 
frame is begun. This bit is set at the same time that the IRQ output signal goes 
high and is reset after you read the contents of the Status register. 

Bit 6 of the Status register is the Interrupt Enable bit and indicates 
whether the 8275 will generate interrupts at the end of each frame. Inter¬ 
rupts are automatically enabled, and this bit is set, when you issue the Start 
Display command to the 8275. There are also separate Enable Interrupt and 
Disable Interrupt commands that can be used to manipulate this bit. In addi¬ 
tion, the Interrupt Enable bit will be cleared and interrupts disabled when you 
issue a Reset command to the 8275. 

Bit 7 of the Status register is not used and will always be 0 when you 
read the contents of the Status register. 
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THE 8275-MICROPROCESSOR SYSTEM INTERFACE 

Since the 8275 device was originally designed to operate within a 
system using direct memory access (DMA), we will discuss the 8275- 
microprocessor system interface from this aspect. But it is not essential that a 
DMA device be utilized for 8275 support. A design example in which a 
microprocessor fully supports the 8275 is given by Intel in Application Note 
AP-62. In that application note, an external PROM is used to produce the 
DMA-type handshake signals needed to load data into the 8275’s row buffers. 
Regardless of whether you use a standard DMA controller device or provide 
other external logic to implement that function, the timing sequences we de¬ 
scribe in the following paragraphs will still apply. 

Figure 3-5 shows, in a simplified form, the relationship between the 
8275 device, a DMA controller, a microprocessor, and system memory. The 
8275 communicates with the microprocessor to obtain command and 
parameter information and to pass status and parameter information back to 
the microprocessor. Transfers of data for display on the CRT screen go from 
screen memory to the 8275 under the control of the DMA controller. Let us 
first look at communications between the microprocessor and the 8275. 

Microprocessor When the microprocessor needs to issue commands and parameters to 

Interface the 8275 or to read the contents of the 8275 Status register, it simply 
accesses the device using a standard I/O read or I/O write operation. The 
timing for these transactions is quite straightforward. Timing for a write 
operation which would be used to issue a command to the 8275 or load a 
parameter into one of the internal 8275 registers can be illustrated as 
follows: 

a ° ZDl _JCHI 



The Chip Select (CS) signal must be low, the AO register select input 
must be stable, and the data that is to be written into the selected register must 
be valid before the write (WR) signal returns high. This timing is the same as 
that which would be used with any I/O port or memory device. 
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Figure 3-5. 8275 CRT Controller Functional Position m a Microprocessor System 

A register read operation which would be used by the microprocessor to 
obtain status or parameter information from the 8275 device is equally 
straightforward and can be illustrated as follows: 

“• ai y _jc_ 













3-12 The CRT Controller Handbook 


DMA Controller 
Interface 


Most communications between the microprocessor and the 8275 will 
take place at system startup when you establish such initial values as screen 
" data transfer modes and so on. The microprocessor must also access 
the 8275 directly to move the cursor and to initiate and terminate displa . 
bu,k of system involvement with the 8275. however will be in transferring 
data that is to be displayed on the screen from system (scr^^ memory to the 
CRT controller. This activity can proceed with almost no mtcroprocessor 
involvement and is conducted by interaction between the DMA controller 
and the 8275. System activity during this DMA transfer of display data from 
mfmorv to the CRT controller can be illustrated as follows: 
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As the 8275 requires data for its character row buffers, it generates DMA 
requests by setting its DRQ signal high. The DMA controller responds by gain¬ 
ing co ntrol of the system busses, reading a byte of data from system memory 
(using MEMR), and simultaneously writing that byte into the 8275’s character 
row buffer (using 10W). The timing for this DMA transfer of data can be 
illustrated as follows: 

mS&R 

(From DMA Controller) 

C5 




The 8275 DMA Request (DRQ) signal is reset when the DAClCand WR 
signals are received back from the DMA controller. This combination of sig¬ 
nals loads the byte of data being presented to the 8275 on its DB0-DB7 pins 
into the character row buffer. Note that the Chip Select (C5) input into the 
8275 remains high during DMA operations. This is logical, since the address 
information on the system busses, which would normally be used to generate 
the CS signal, contains screen memory addresses during these DMA cycles. 
Thus the DaCK signal performs the chip select function during DMA opera¬ 
tions. 
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The preceding illustration showed the transfer of a single byte of data 
from memory to the 8275. These DM A cycles must, of course, be repeated fre¬ 
quently to load and reload the character row buffers as data is sent to the CRT 
monitor. You have two options in implementing these DMA cycles. One 
option is to perform data transfers on a byte-by-byte basis with each DMA 
cycle being individually Initiated. This mode of operation can be illustrated 
as follows: 
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As the 8275 requires a byte of data for its character row’ buffer, it sets the 
DRQ signal high and the DMA controller supplies the requested data. You 
specify the interval between DMA cycles as one of the Reset command 
parameters. The alternate mode of DMA operation is to operate in a burst 
mode where several bytes of data are transferred to the 8275 in response to a 
single request. The timing for this mode of operation can be illustrated as 
follows: 


■ 1-55 character times 
between bursts 
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Here the 8275 sets the DRQ signal high and keeps it high until the DMA 
controller has transferred either 2, 4, or 8 bytes of data from screen memory. 
Of course, the DMA controller you are using must be capable of responding to 
this continuous DMA request. The 8257 and 8237 DMA controllers, which the 
8275 was designed to operate with, operate in this burst mode. 

The DMA mode of operation that you use will depend on the needs of 
your system. The ability to program the 8275 so that it can operate in either 
single cycle or burst mode, combined with flexible spacing between DMA 
operations, gives you great flexibility in fitting the bus access requirements of 
the 8275 into your system. 

The DMA timing signals that we have illustrated are only those which 
directly affect the 8275. There w ill, of course, be a number of other signals 
exchanged within the system to obtain control of the bus and to read data 
from memory. Since these signals will be determined by the particular 
microprocessor and DMA controller you are using, they are beyond the scope 
of our discussion here. 

There are two aspects of the DMA operation that we have not yet dis¬ 
cussed: how the DMA controller obtains the starting address for screen 
memory accesses, and what the timing relationships are between DMA 
operations and display of data on the CRT screen. 

The DMA controller must receive the screen memory starting address 
from the microprocessor as part of the system initialization operation. Then, 
when the 8275 makes its First DMA request, the DMA controller reads the first 
byte of data that is to be displayed from screen memory, and transfers it to the 
8275's character row buffer. After each access of screen memory, the DMA 
controller must increment its address counter so that when the next DMA 
request is received, the next character in screen memory will be accessed. The 
DMA controller will simply continue to increment the screen memory 
addresses as each DMA request is received from the 8275 until all of the data 
that is to be displayed on the screen has been read from memory and sent to 
the 8275. At that point, the DMA controller must once again be given the 
starting address for screen memory, since it would otherwise simply continue 
incrementing its address counter. The 8275 handles this situation by generat¬ 
ing an interrupt when display of the last row of characters on the screen is 
begun. This interrupt can be used to inform the microprocessor that it must 
once again reload the DMA controller address register with the starting 
address of screen memory in preparation for display of the next frame of 
data. 

DMA operations can proceed continuously while data is only being 
sent to the CRT monitor by the 8275 because of the dual character row 
buffers. Let us look now at how these row buffers operate. 
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Internal The two internal recirculating buffers provided by the 8275 can each 

Character hold up to 80 bytes of data. While one buffer is being loaded from refresh 

Buffers memory' under the control of the DMA controller, the contents of the other 

buffer are being recirculated and presented to external character generator 
logic as each scan line of a character row is sent to the CRT monitor. 
Obviously, the first character buffer must be filled before the first character 
row of data on the screen is to be displayed. The first DMA request of a 
frame is generated by the 8275 one character-row time before the end of ver¬ 
tical retrace. (Vertical retrace is program specified to be from one to four 
character rows in duration.) Thus during this last character-row time ol vertical 
retrace, the first character row buffer is being filled. This can be illustrated as 
follows: 



CC0-CC6 
(To character 
generator logic! 


You have one character-row time (from one to sixteen horizontal- 
scan-line times) in which to fill the character buffer. Display of the contents 
of that character buffer then commences with the contents of the buffer 
being presented to character generator logic via the CC0-CC6 outputs. Mean¬ 
while, character buffer#2 is being filled using DMA from screen memory as 
shown in the following illustration: 



CCO-CC6 
(To character 
generator logic i 
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When all of the scan lines comprising the first character row have been 
sent to the CRT monitor, the contents of character buffer #2 will be connected 
to the CC0-CC6 pins for the second character row of the screen, while buffer *tl 
is being refilled from screen memory with the new data that will comprise the 
third character row. This can be illustrated as follows: 



This switching back and forth between character row buffers con¬ 
tinues until all character rows of a frame have been completed. DMA will 
then cease during vertical retrace until one character-row time bclore the 
beginning of the next frame. The cycle we have just described will then be 
repeated. Note that the 8275 controls the switching back and forth between 
the two characer row buffers; this operation is transparent as far as the 
microprocessor system is concerned. The system need only guarantee that the 
DMA rate is sufficient to finish loading each row buffer in the time required to 
present the preceding character row to the CRT monitor. 
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THE 8275-CHARACTER GENERATOR INTERFACE 


Scan Line 
Counter 
Modes 


The logic provided by the 8275 to interface to character generator logic 
consists of three groups of signals: LC0-LC3, CC0-CC6, and LAO, LAI. The 
two signals LAO, LAI which are more closely related to creation of the video 
signal, come into play if you utilize the limited built-in graphics capability of 
the 8275. Let us begin with the more straightforward aspects of the 
character generator logic. 

The Character Code outputs (CC0-CC6) and Line Count outputs 
(LC0-LC3) will be used as address inputs to character generator logic. < For a 

complete discussion of character generator logic, refer to Chapter 1.) CC0-CC6 
arc simply the outputs from the 8275’s internal character row buffer. This row 
buffer is recirculated at the Character Clock (CCLK) rate during each scan line 
so that the code for each character position on the scan line is output to the 
character generator. The timing for these Character Code outputs is shown in 


The internal character row buffer contents are shifted at the Character 
Clock (CCLK) rate to present the appropriate character code outputs to the 
character generator logic. Since the character row buffer can contain from two 
to eighty characters (you specify the number of characters under program con¬ 
trol), the number of times the row buffer will be shifted per scan line will be 
from 2 to 80. After the last character has been output to the character generator 
logic, recirculation of the row buffer continues during horizontal retrace but 
VSP goes active to blank any meaningless video information. 

The scan line counter outputs (LC0-LC3) to the character generator 
logic are held steady during each horizontal scan line while the character 
codes are being output. Upon completion of each scan line, the line counter 
outputs are incremented to address the next line of dots for the character 
codes that will be output. The 8275 scan line counter has two modes of opera¬ 
tion: in Mode 0 the output of the line counter is the same as the scan line 
number of the character row, w hile in Mode 1 the counter is offset by 1 from 
the line number. The counting progression that occurs for a character row in 


each of the two modes can be illustrated as 

follows: 
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Figure 3-6. 8275 Character Code Output Timing 


In Mode 0, the line count output during the first scan line (line number 
0) will always be 0000. In Mode 1, however, the line count output during the 
first scan line will be the maximum line count that you have specified, and the 
count will then go to 0000 for scan line number l. You specify the line counter 
mode of operation you desire under program control as part of the Reset com¬ 
mand. The mode you select will depend on the type of character generator you 
arc using. For example, if a character generator expects a line count address ot 
1 for the first row of dots, you might use Mode 0 so that an address of all zeros 
would not select the character generator, but instead would produce the line of 
dots used for inter-character row spacing. Similarly, if a character generator 
expects a line count address of zero to access the first row of dots, then you 
might use line counter Mode 1. 

Graphic Let us now look at the limited capabilities provided by the 8275 via the 

Capabilities Line Attribute (LA0-LA1) signals. 

The line attribute signals are manipulated by writing special character 
Character attribute codes to the 8275. You do not have to issue special commands to the 
Attribute 8275 in order to manipulate the line attribute outputs; you simply store the 
Codes special character codes in screen memory. You will recall that data in screen 
memory consists of 8-bit bytes. Normal data codes have the most significant bit 
set to 0. If the 8275 receives a byte of data from screen memory with the most 
significant bit set to 1, it recognizes this as some type of control code. There 
are three types of control codes: character attribute codes which cause the 
line attribute outputs to be manipulated; field attribute codes which affect 
the visual characteristics of a group of characters that are to be displayed; 
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and special codes which affect DMA and screen blanking. At this point, we 
will limit our discussion to the character attribute codes. The format for the 
character attribute codes is as follows: 



Bit No 

Character Attribute Byte 


Highlight 

1 • Set HGLT h»gh 
0 ■ Set HGLT low 


Blink 

1 » Blink VSP 
0 ■ Do not blink 


Character Attribute Code 
(See Table 3-1) 


Bits 7 and 6 of the character attribute byte must both be set to 1. Bits 0 
and 1 can be set to manipulate the Highlight (HGLT) signal and to cause the 
character to blink by manipulating the Video Suppression (VSP) signal. We 
shall discuss the highlight and blink 1 unctions later when we describe the inter¬ 
face to the CRT monitor. Let us now concentrate on the character attribute 
codes which are contained in bits 5 through 2 of the byte. 

Table 3-2 describes the effects of the various character attribute codes 
on the LAI, LAO, VSP and LTEN output signals and also indicates the 
resultant svmbols which can be created. Creation of these symbols requires 
the use of very specific external logic. The logic you must provide is illus¬ 
trated in Figure 3-7. The shift register shown in the figure is a 9-bit parallel-to- 
serial shift register, and thus each character space in this example would be 9 
dots in width. When LAO and LAI are both output high from the 8275, five I s 
would be loaded into the least significant bits of the shift register and four 0’s 
would be loaded into the four most significant bits of the shift register. When 
the contents of the shift register are shifted out serially and sent to the CRT 
monitor, a horizontal line is produced on the left half of the character space. 
Similarly, when LAO is low and LAI is high, this causes a horizontal line on the 
right half of the character space to be produced. When LAI is low and LAO is 
high, a 1 bit is loaded only into the center bit of the shift register, and 0‘s are 
loaded in the four least significant and four most significant bits of the shift 
register. If this is repeated for all scan lines comprising the character, a vertical 
line down the center of the character position is produced. Vertical line seg¬ 
ments on the upper or lower half of a character space are produced by setting 
LAI low and LAO high for every scan line on the character row, and then 
activating the Video Suppression (VSP) signal during those scan lines above or 
below the underline position. When VSP is high, it disables the output from 
the shift register via the NOR gate, so that no dots are sent to the CRT moni¬ 
tor. 
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Table 3-2. 8275 CRT Controller Character Attribute Codes and Resultant Symbols 



character generator will not be disabled, and an mdeterm.nate character will be generated 
Character Attribute Codes 1101. 1110. and 1111 are illegal 
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Figure 3-7. External Logic Required to Implement Graphics Provided by the 8275 CRT 

Controller 
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This is a good point to note that the symbols shown in Figure 3-1 imply 
that the horizontal and vertical line segments run through the center of a 
character space. This is not necessarily true: the position of the vertical line 
or line segments is determined by the bit position where you load the 
appropriate code-produced signals into the shift register. In Figure 3-7 we 
loaded the vertical line signal into the center bit of a 9-bit shift register and 
caused it to appear in the center of a character location. The horizontal lines or 
line segments will appear on only one scan line of the character row, and will be 
on the scan line where you have programmed the underline to be displayed. 
The underline position is program-established using the Reset command 
and can be on any scan line w ithin a character row. 1 hus, for example, if you 
have specified that the underline is to be displayed on line number 9 of a 
character row comprised of 12 scan lines, the first two symbols shown in 
Table 3-1 would appear as follows: 


Top Lett Comer 


Top Right Corner 


A horizontal line completely across a character location is produced 
using the Light Enable (LTEN) signal. Both the LAI and LAO outputs will 
be low during the creation of a complete horizontal line. The horizontal line 
will be produced on the scan line where you have specified that the underline is 
to appear. 

We intentionally kept the logic shown in Figure 3-7 as simple as possi¬ 
ble so that we could focus more clearly on the logic in our discussion. In 
actual use, however, additional logic would be required since the other 
character generator logic present in the system would utilize the same video 
shift register to produce the VIDEO signal. The additional logic required to 
select between the line attribute-produced characters and standard character 
generator logic is show n in Figure 3-8. A NOR gate is used to disable the out¬ 
puts from the character generator logic if either LAI or LAO is high. The inputs 
to the shift register are then from OR gates which have as their inputs the LAI/ 
LAO-produced signals or the outputs from the character generator logic. 
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Figure 3-8. 8275 Graphic Logic Combined with Character Generator Logic 


While the logic required lo implement the line attribute graphics of the 
8275 is not complicated, it is still quite a bit of circuitry to simply produce 
eleven limited graphic characters. If some graphic capabilities are required, it 
may prove easier simply to utilize a character generator which can produce the 
required symbols. 
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Field Attribute Designations 

The character attribute logic we have just described applies only to a 
single character position on the screen; when a character from screen 
memory contains l's in the two most significant bit positions, it is 
interpreted by the 8275 as being a special character that affects that particu¬ 
lar character location on the screen. The 8275 also recognizes Field Attribute 
Control bytes when read from screen memory. These bytes have the format 
shown in Figure 3-9. 

Field The Field Attribute Control byte is similar to the Character Attribute 

byte with the significant difference that it affects all data bytes which follow 
until another control byte is read from screen memory. Thus all the charac¬ 
ters between these control bytes, the “field, will have the characteristics 
defined by the Field Attribute Control byte. The two least significant bits of 
the Field Attribute Control byte arc the same as those of the character attribute 
codes which we described earlier; bit 0 causes HGLT to be set high or low, and 
bit 1 causes blinking by modulating the VSP signal at a frequency equal to the 
screen refresh frequency divided by 32. The difference is that both of these sig¬ 
nals will be maintained as designated for an entire field until another control 
byte, or the end of the screen, is encountered. 

Bits 2 and 3 of the Field Attribute Control byte can be used to manipu¬ 
late the two General Purpose Attribute signals (GPAO, GPA1) of the 8275. 
The use of these two signals is entirely up to the system designer; they will 
simply be output at the designated levels until the next control byte is encoun¬ 
tered. Some possible uses for these signals include control of colors in color 
CRT monitors or selection of alternate character generator logic to implement 
special characters within a field. 

Bit 4 of the Field Attribute Control byte manipulates the R\ V 
(Reverse Video) signal from the 8275, while bit 5 manipulates the LTEN 
(Light Enable) signal. While the signal names assigned to these two bits 
(and pins) imply very specific uses, they may also be put to general purpose 
use if vour system requires it. The only limitation to using these tw'o signals as 
general purpose signals is the fact that both may be used during creation of the 
cursor symbol, and the LTEN signal is also used during creation of the graphic- 
symbols provided by the Character Attribute Codes. 

The presumed purpose of the RVV and LTEN bits and signals is to cause 
the characters following the Field Attribute Code to be presented in reverse 
video (if RVV is high) and/or to be underlined (if LTEN is high). 
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Visible/Invisible 
Field Attribute 
Control Codes 


The 8275 provides you with two options writh regard to the field 
attributes: the Field Attribute Control bytes read from screen memory can 
occupy a visible position on the screen, or they can be made invisible and 
simplv affect the subsequent character field. You specify the desired mode 

as part of the Reset command. If you specify the visible field attribute mode, 
the Field Attribute Control bytes read from screen memory will occupy a posi¬ 
tion on the screen although they will appear as blanks, since the 8275 will auto¬ 
matically cause the Video Suppression (VSP) signal to be activated during that 
character position. The designated field attribute will then be activated after 
this blank character position. This visible field attribute mode can be illus¬ 
trated as follows: 



The visible field attribute mode may be perfectly acceptable in many 
applications where changes from one type of field to another arc also accom¬ 
panied by some space between fields. The acceptability of this mode will 
depend, to some extent, on how crowded the screen is and how critical this 
waste of screen space is to your application. 
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If you select the invisible field attribute mode for the 8275, then the 
internal First-In-First-Out (FIFOs) registers of the 8275 are activated. 

Each of the 8275’s internal character row buffers has an associated 16- 
character FIFO. In this mode of operation, when a Field Attribute Control byte 
is loaded into a row buffer, the 8275 recognizes it as such and places the follow¬ 
ing data character in the FIFO. When the time comes to display that character 
row, the 8275 once again recognizes the Field Attribute Control byte before it 
is to be sent to the CRT monitor, and substitutes the appropriate following 
character byte from the FIFO on the Character Code outputs. Simultaneously, 
the 8275 activates the specified field attribute control signal(s). An example of 
invisible field attributes can be illustrated as follows: 



Several problems are introduced by the use of the Field Attribute Con¬ 
trol bytes. First of all, whether you use the visible or invisible mode, the 
Field Attribute Control bytes will occupy locations in screen memory. Since 
the number of attribute control bytes per display row may vary, the fixed rela¬ 
tionship between character positions on the screen and system memory 
address pointers to the beginning of the screen, beginning of row, etc., may no 
longer be constant. Therefore system software required to keep track of 
screen locations will be complicated since it must also keep track of the num¬ 
ber of Field Attribute Control bytes in each row while pointer locations are 
being manipulated. In addition, each Field Attribute Control byte increases 
the size of screen memory since it occupies a location in that memory. DMA 
transfers and character deletion or insertion routines may also be compli¬ 
cated by the presence of Field Attribute Control bytes within data fields. 
Finally, you must be aware that since the 8275 stores the character which 
immediately follows a field attribute control byte in a FIFO, and subsequently 
outputs that following character to the CRT, you cannot follow a Field 
Attribute Control byte with any of the character attribute bytes or other 
special codes that the 8275 would otherwise recognize. 
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SPECIAL CONTROL CODES 


In addition to the character attribute codes and field attribute control 
codes which we discussed earlier, the 8275 recognizes four additional special 
control characters which affect DMA operations and blanking of the screen. 
Just as with the character attribute and field attribute codes, these special 
control codes are simply placed in screen memory and are recognized by the 
8275 as control codes because their most significant bit is set to 1. The for¬ 
mat for these codes is illustrated in Figure 3-10. 

The four most significant bits must be set to 1, bits 4 and 3 must be 
0’s, and the two least significant bits specify the control function. 

End of Row The End of Row code (00) causes the remainder of the current 

Control Code character row to be blanked. This is accomplished by setting the Video Sup¬ 

pression (VSP) signal high, and holding it high from that character position 
where the control code is located to the end of the character row. This is a very 
simple way of clearing a portion of a character row which would otherwise have 
to be done by writing the character code for blanks or spaces into the corres¬ 
ponding screen memory locations. One drawback of this code is that it applies 
from the point where it is detected to the end of the character row; you cannot 
just blank out the middle portion of a character row. 

Stop DMA The End of Row-Stop DMA code (01) affects the display in the same 

Control Code wav as the End of Row code, and also causes the 8275 to stop generating 
DMA requests for the remainder of that character row. This combination 
makes a great deal of sense, since if you are not going to display data beyond 
the End of Row code, there would be no reason why you would still want to 
access data from screen memory. You thus reduce the DMA demand on the 
system busses. 

End of Screen The End of Screen code (10) has the same effect as the End of Row 

Control Code code but it applies for all characters from the point of encounter until the end 
of the frame. Once again the VSP signal is used to perform the blanking opera- 
tion. 

The End of Screen-Stop DMA code (11) affects the display in the same 
way as the End of Screen code and also causes the 8275 to cease generating 
DMA requests for the remainder of the frame. Thus you can blank all of the 
screen, from the point where the code is encountered to the end of the screen, 
with a single control code, instead of writing all spaces into the appropriate 
positions in screen memory. 

If you do not use the Stop DMA feature with the End of Row or End of 
Screen codes, DMA requests will continue to be generated by the 8275 for 
the remainder of the row or screen. The characters read from screen memory, 
however, are simply ignored by the 8275. The exception is that alter an End of 
Row character, the 8275 will still recognize and respond to an End of Screen 
character. After an End of Screen character, however, all subsequent charac¬ 
ters will be ignored. 

If the Stop DMA features are used, there will be a one character delay 
before DMA requests will be terminated since the 8275 will have already 
begun to access the next character when it is recognizing the Stop DMA code. 
Thus a dummy character must be placed in screen memory after the Stop 
DMA character. The exception is if the Stop DMA code is the last character in 
a burst or in a character row; in this case, no additional DMA requests will be 
generated. 
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Special Control Byte 
00 = End of Row 
01 = End of Row-Stop DMA 
10 = End of Screen 
11= End of Screen-Stop DMA 


Figure 3-10. 8275 Special Control Code Byte Format 



THE 8275-CRT MONITOR INTERFACE 

Figure 3-11 illustrates the signals provided by the 8275 to implement 
the interface to a CRT monitor. Only two of the signals (H RTC, VRTC) are 
absolutely essential to the CRT monitor interface; the other signals repre¬ 
sent special options provided by the 8275. and their implementation will be 
application-dependent. 

HRTC (Horizontal Retrace) and VRTC (Vertical Retrace) are the 
standard HSYNC and VSYNC signals which we have previously discussed. 
The frequency and pulse intervals of both of these signals are programmable 
and are specified as part of the Reset command. 

The RVV (Reverse Video), VSP (Video Suppression), and LTEN 
(Light Enable) signals can all be combined with the output from the video 
shift register to produce different visual effects on the screen. As we dis¬ 
cussed earlier, these signals are sometimes manipulated directly while 
Character Attribute or Field Attribute control bytes are read from screen 
memory; the signals are also manipulated by the 8275 to create the cursor. It 
you compare the external logic required to create the cursor for the 8275 to that 
which we described for the DP8350 in Chapter 2, you will see that the logic 
here is slightly simplified. The DP8350 provided no reverse video signal and 
you had to perform that function externally. The 8275, on the other hand, 
allows you to specify a reversed cursor if you so desire, and activates the RVV 
signal if you have so specified. Thus you arc sacrificing one pin on the 8275 to 
implement this function (although, of course, it is also used to create reverse 
video characters or entire fields of characters; its use is not limited only to the 
cursor symbol). 

The HGLT (Highlight) signal is automatically set high or low by the 
8275 as specified by control bytes read from display memory. The use of this 
signal is completely application-dependent and is not involved with creation of 
the cursor or the character attribute code graphic capabilities of the 8275. 
HGLT will simply be set high or low as specified for an entire character field. 
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Figure 3-11. 8275 CRT Monitor Interface Signals 


The LPEN (Light Pen) input to the 8275 requires a negative-to-posi- 
tive transition from external circuitry to cause the controller to store its cur¬ 
rent character and row counter \alues in its internal Light Pen registers. 

You can then read the contents of the Light Pen registers by issuing the 
appropriate command to the 8275. Because of the delays inherent in external 
light pen circuitry, the values stored in the light pen Character Count register 
will be offset by at least three characters from the actual position where the 
light pen was physically positioned on the screen. Therefore, your software will 
have to adjust this value accordingly. 
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Table 3-3. 8275 CRT Controller Command Summary 


Command Byte Number ol 


Command 

(MSB) — Bit Format — (LSBI 

Parameter 

Bytes 

Command 
Byte (Hexl 


766 

43210 

(Note 1) 


Reset 

000 

00000 

4W 

oo, e 

Start Display 

001 

Note 2 

- 

Note 2 

Stop Display 

010 

00000 

- 

40 ia 

Read Ught Pen 

Oil 

00000 

2R 

50, a 

Load Cursor Registers 

100 

00000 

2W 

80,® 

Enable Interrupt 

101 

OOOOO 

- 

AO,® 

Disable Interrupt 

110 

00000 

- 

BO,® 

Preset Counters 

111 

OOOOO 


00,® 


1. The least significant 5 bits of Start Display Command determine DMA rate 
2 W = Write to 8275. R • Read from 8275 


THE 8275 CRT CONTROLLER COMMANDS 

Table 3-3 shows the bit format for each of the eight commands that the 
8275 will respond to. Any of the commands can be issued at any time to the 
8275; you simply perform a write operation (WR low) to the device with the 
AO input high and input low. The command byte is then input to the 8275 
on the D7-D0 pins. The three most significant bits of the command byte 
determine the command that will be executed. The five least significant bits 
are set to 0 for all but the Start Display command. Three of the commands 
have parameter bytes associated with them: the Reset and Load Cursor 
Register commands require that you write additional parameter bytes to the 
8275 after the command byte, while the Read Light Pen command requires 
that you read two bytes from the 8275 after issuing the command. If a com¬ 
mand has parameters associated with it, these parameters must be transfer¬ 
red before another command is issued. 

The Reset command is the most complicated to describe, since it is used 
to define a number of basic operating characteristics for the 8275. Let us 
therefore begin our command descriptions with it. 

The 8275 Reset Command 

Figure 3-12 shows the format for the Reset command byte and the four 
parameter bytes which must follow the command. The Reset command must 
be issued to the 8275 whenever the system is first initialized, since it deter¬ 
mines many of the basic operating characteristics of the 8275. The command 
can also be re-issued while the device is operating to change certain operat¬ 
ing characteristics. While some of the characteristics, such as vertical retrace 
time, would not normally be changed once established at system powerup, 
others such as cursor format or underline placement might be altered depend¬ 
ing on the data that was to be displayed for a given application. 
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Command 


Parameter 0 


Parameter 1 


Parameter 2 


Parameter 3 


2 = Horizontal Retrace Character Count I x 2) 
0-F ie 12-321 

C ■ Cursor format 

00 ■ B' nk ng reverse video block 
01 ■ Blinking underline 
10* Nonblinking reverse video block 
11 = Nonblmkmg underline 

F*kl Attnbute Mode 
0 » Transparent 
1 a Visible 

Line Counter Mode 
0 = Mode 0 (non-offset! 

1 = Mode 1 (offset! 


Figure 3-12. 8275 CRT Controller Reset Command Format 

The command byte of the Reset command simply consists of all zeros 
and must be followed by writing four parameter bytes. 

The seven least significant bits of the first parameter byte specify the 
number of characters that are to be displayed on each row. The allowable 
range is from 1 to 80 (0-50, 6 ). Although the seven bits could be used to specify 
values as great as 127 (7F )(l ). values greater than 80 are invalid since that is the 
maximum capacity of the 8275's character row buflers. 

The most significant bit of the first parameter byte specifies either 
normal spacing or double spacing of character rows. In normal spacing, the 
only separation between adjacent character rows is the one or two scan lines at 
the top or bottom of each character row which are not used in formation of the 
characters. If you specify double spacing, however, each character row is sepa¬ 
rated by a complete row of blank characters. The 8275 accomplishes this by 
repeating the row but activating VSP for the entire row. During the blanked 
row DMA activity is not needed, thus it is not requested. 



AO 

3 

D6 

D6 

D4 

D3 

02 


DO 


1 

0 

0 

0 

0 

0 

0 

0 

0 


0 

s 

C 

H 



M 


S = 0: Norma By Spaced Rows 
S = 1: Double Spaced Rows 
H = Characters’Row 0-4F, e l1-80! 

V * Vertical Retrace Row Count; OO 2 — 11 2 I' *^l 
R = Character Rows Frame 0 - 3F, 6 (1 -641 

U ■ Underline Placement: 0 - F j g( 1 -16) 

L = Scan Lines Char Row: 0 - F 16 11-161 






3-34 The CRT Controller Handbook 


The second parameter byte of the Reset command specifies the number 
of character rows per frame and the time allotted to the vertical retrace 
operation. The six least significant bits specify the number of character rows 
per frame in the range of l- 64 (0-3F 16 ). Upon completion of display of the last 
specified character row on the screen, the Vertical Retrace (VRTC) signal is set 
high to indicate the beginning of the vertical retrace operation. The duration of 
the high level of the VRTC signal is specified using the two most significant 
bits of the second parameter byte. The VRTC signal will remain true for an 
integral number of character row times from 1 to 4. We should note that while 
you can program the duration of a true level of the VRTC pulse, you have no 
freedom in positioning the VRTC pulse; it goes true at the end of the last dis¬ 
play row, and is set low again at the end of the last retrace row just prior to the 
beginning of the first displayable row of the next frame. This provides less flex¬ 
ibility than the DP8350 which we described in Chapter 2. Accordingly, some 
external circuitry may be needed to generate a VSYNC pulse of a proper dura¬ 
tion for the CRT monitor. 

The third parameter byte of the Reset command specifies the number 
of scan lines that comprises the character row, and the placement of an 
underline or cursor on a scan line within a character row. You can specify 
that a character row be comprised of from 1 to 16 scan lines. Thus this 
specification combined with the character rows per frame specification of the 
second parameter byte determines the total number of displayable scan lines 
per frame. The most significant four bits of the third parameter byte allow you 
to position the scan line within a character row where the LTEN signal should 
be activated to create an underline. You can specify that the underline be in 
any of the scan lines from 1 to 16 on the character row. There are several rules 
that apply to this underline placement specification: 

• If the line number you specify for the underline is greater than seven, 
both the first and last scan lines of the character row will automat¬ 
ically be blanked (VSP high) by the 8275. 

• If the line number specified for the underline is less than or equal to 
seven, the first and last scan lines of the character row will not be 
blanked. 

• If the line number specified for the underline is greater than the max¬ 
imum number of scan lines per character row (specified in the least 
.significant four bits of this parameter byte), then the underline will 
not appear at all. 

The fourth parameter byte of the Reset command specifies four 
different operating characteristics for the 8275: HRTC duration, cursor for¬ 
mat, field attribute mode, and line counter mode. The four least significant 
bits specify, in increments of two character counts (or CCLK periods), the 
duration of the horizontal retrace (HRTC) pulse. HRTC will be set high after 
the last character time of a scan line and will remain high for a duration of from 
2 to 32 CCLK periods. Just as with the VRTC specification, you have no posi¬ 
tioning control of the HSYNC pulse within the horizontal retrace time. If addi¬ 
tional shaping or positioning of the HSYNC pulse is required, then external 
circuitry must be used to interface to the CRT monitor. 
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Bits 5 and 4 of the fourth parameter byte specify the format of the cur¬ 
sor that will be displayed at the character location specified by the contents 
of the Cursor register. There are four options: the cursor can consist of either 
an underline on the scan line specified for underline placement in the third 
parameter byte, or it can be presented as a reverse video block symbol. The 
reverse block cursor symbol is created by activating the RVV signal at the 
specified cursor character location. In addition, either the single underline or 
the reverse block cursor symbol can be made to blink; the blinking is 
accomplished by modulating the VSP output from the 8275 at a frequency 
equal to the frame refresh rate divided by 32. 

Bit 6 of the fourth parameter byte specifies whether field attribute 
characters are to occupy a position on the screen or whether they are to be 
made transparent by utilizing the 8275’s FIFOs. The most significant bit of 
the fourth parameter byte specifies the scan line counter mode. The scan line 
counter modes and field attribute control character modes have been described 
in the preceding sections of this chapter and we shall not discuss them further 
at this point. 


The 8275 Start and Stop Display Commands 

Figure 3-13 shows the format for the Start Display command. This 
command requires no subsequent parameter bytes, but does include some 
additional control information in the least significant five bits of the com¬ 
mand byte. The Start Display command would normally follow the Reset 
command since, in addition to determining the DMA rate that will he used, 
it enables the video-related outputs (by setting VSP low) of the 8275 and 
sets the Interrupt Enable and Video Enable status bits in the 8275 s Status 
register. The DMA rate characteristics are defined in the least significant 
five bits of the command byte; we discussed and illustrated the DMA burst 
count and burst space timing earlier in this chapter when we discussed the con- 
troller-to-microproccssor interface. You should refer to that discussion for tim¬ 
ing illustrations. 

The Stop Display command simply causes the Video Suppression 
(VSP) signal to be set high, and it remains high until you issue a Start Dis¬ 
play command to the 8275. The other video-related outputs, including 
HRTC, VRTC, LC0-LC3, and CC0-CC6, all continue to run despite the Stop 
Display command. It is just the high level of the VSP output that must be 
used to disable presentation of video to the CRT monitor. The Video Enable 
status flag is reset, however, so that the microprocessor can determine the state 
of the video-related outputs of the 8275. The Start Display command must be 
issued to reenable these video-related outputs. There are no parameter bytes 
required in conjunction with the Stop Display command; you simply write 
the command byte of 4l) lt to the 8275 with AO set to 1. 
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IChftract#r Clocks between DMA Req\>*sl*l 
000 -0 
001-7 
010 - 15 
011 -23 

100 = 31 

101 - 39 
110-47 
111 - 55 


Figure 3-13. 8275 CRT Controller Start Display Command 


The 8275 Preset Counter Command 

The Preset Counter command (E0, t ) causes the 8275*s internal 
character counter and line counter to be preset to a value corresponding to a 
screen display position at the top left corner. It requires two character clock 
(CCLK) periods to complete the preset operation. The counters will be held in 
this preset state until you issue another command to the 8275. Since the inter¬ 
nal counters are not running, the HRTC and VRTC signals will not be gener¬ 
ated until another command is received by the 8275. 

The Preset command might be useful for system debugging operations 
and could also be used to synchronize multiple 8275s that were being used in a 
single system. Synchronization between two or more 8275s would involve 
more than simply issuing the Preset command, however; some external cir¬ 
cuitry would be required. 


The 8275 Read Light Pen Register Command 

The format for the Read Light Pen Register command is shown in 
Figure 3-14. The command byte (60 u ) causes the 8275 to access its two 
internal light pen registers. The contents of these two registers are then 
made available on the two ensuing read operations which are performed by 
the microprocessor. The first byte read from the 8275 after the command is 
issued will be the character position on a row, and the second byte read will be 
the row number where the Light Pen input (LPEN) was detected. As we have 
mentioned previously, external delays in the light pen circuitry will cause the 
character count read from the Light Pen register to be displaced by three 
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Figure 3-14. 8275 CRT Controller Read Light Pen Command 


characters or more from the actual physical position where the light pen was 
detected. Your software must therefore adjust its value accordingly. You 
should also be aware that the values held in the light pen registers are not 
changed by reading them with the Read Light Pen Register command. Only 
another negative-to-positivc transition of the LPEN input will cause the con¬ 
tents of these registers to be changed. 


The 8275 Load Cursor Register Command 

Figure 3-15 shows the format for the Load Cursor Register command. 
After the command byte (80 u ) has been written to the 8275, the 
microprocessor must write two additional bytes to the 8275 to load the cursor 
position registers. The first byte specifies the character position (1-80) within 
a row where the cursor is to be displayed, while the second byte specifies the 
character row (1-64) for the cursor. The type of cursor symbol that will be dis¬ 
played at the specified location is determined by the Reset command. 
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The 8275 Enable/Disable Interrupt Commands 

These two commands simply set or reset the Interrupt Enable Status 
bit in the 8275 Status register, and enable and disable the INT output of the 
8275. If the Interrupt Enable bit is reset, then no interrupt will be generated a: 
the end of the display of one frame of data. Note that interrupts are also 
enabled or disabled by the Start and Stop Display commands. The Enable 
Interrupt command is A0 lh , while the Disable Interrupt command is C0 I(I . 







The 8275 CRT Controller 3-39 


DATA SHEETS 

This section contains specific electrical and timing data for the 8275. 







3-40 The CRT Controller Handbook 


8275 


ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70’C 

Storage Temperature.-65’C to ♦150°C 

Voltage On Any Pin 

With Respect to Ground.. -0.5V to +7V 

Power Dissipation .... , .. 1 Wart 


' r ''l 

V; 

* ’ . . «•// . 


‘COK.Mfwr Stresses Aovt shin* laud undar 'Absolute Mam ■ 
mum Rat-ngs" miv cause permanent damage to the Ce« <* This n a 
stress rating only and lunet.onal operet-on of the device at these or 
any olher conditions above those indicated m the operational sec¬ 
tions ot th-t speci*ication is not -rnpled. 


O.C. CHARACTERISTICS 

T a = 0°C to 70°C. V CC - 5V :5% 


SYMBOL 


Vtc 



PARAMETER 


Input Low Vo’tag* 


Input High Voltage 


Output Low Voltage 


Output High Vo'tage 


Input Load Current 


Output Float Leakage 


Vcc Supply Current 


SYMBOL | PARAMETER 


City I Input Capacitance 


C h0 | I/O Capacitance 



TEST CONDITIONS 


Iql “ 2.2 inA 


•om = </A 


is A V|N“V^toOV 


pA I VouT * Vcc ,0 0V 






MAX. 

UMTS 

TEST CONDITIONS 

5 0 

pF 

r e • i MMi 

20 

pF 

Unmeasured pms returned to V 5 S. 



Data sheet* on pages 3-40 through 3-44 are reprinted by permission ol Intel Corporation. 















































Olhar Timing: 


PARAMETER 


Character Code Output Delay 


Horizontal Retrace Output Delay 


Line Count Output Delay 


Control/Attribute Output Delay 


Vert cal Retrace Output Delay 


IRQ! from CCLKl 


IRQi from Rd 


DRQt from CCLKl 


DRQt from \VR 


DRQI from WR1 


DACKi toWRl 


WRf to DACK* 


LPEN Rite 


LPEN Hold 


MIN. I MAX 




TEST CONDITIONS 



Not* T.m*n$ m«4iu'»rr*nt< ttt rrtdt in* lollo* ng <«««r«nc« voltages Output '"t" • 7 0V, "0" ■ 08V 


WAVEFORMS 


jinimmnjumnjijmnjirL 


*lft|TCMA«ACM ACOCf 


UCOMKHUKTU COOI 


CCMiuiO* 


Y ATTmty1|IAC0*TH0tf WMIUTCIUI 


*n MCirn* IIV—*• 


vtDIO 

lM’J¥ Iwll 

■ «Gi»»l«' 


DOOOOOOOOOOOOC 


AYTIIlBlittft 

ICONTDOil 

MOV 


ATt»*utt»BCOMAOit#OA fifltrCHAA 


•CCL« 4avia^U O* ?hi dot cloc* to t*«i •;?! 


Typical Dot Laval Timing 
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8275 


A.C. CHARACTERISTICS 

T a = 0°C to 70*C r Vec * 5.0V ±5%. GND - 0V 

Bus Parameters (Not* 1) 

Raad Cyde:__ 

SYMBOL 1 PARAMETER 


AddreM StaW* Before REAO 


Writs Cyde:_ 

SYMBOL | PARAMETER 


Addrew Stable Before WRITE 





* r*,t. 



TEST CONDITI 


TEST CONDITIONS 


Clock Timing: 


parameter 



Mole 1: AC l>rP'nfl* <ree«ur*d »t Vqm * 3 0. Vql * ® ' 


TEST CONDITIONS 


Writs Timing 


Read Timing 


«i»»noT 




MtfAftJO X VAU0 X •••VALlO 


h **°—1 

j 

0«»-t r 


Clock Timing 


Inpul Waveforms (For A.C. Tests) 





UK 












































































4 

The 6845 CRT Controller 


The 6845 CRT controller lies somewhere between the DP8350 device, 
described in Chapter 2, and the 8275 device, described in Chapter 3, in its 
functional organization and capabilities. It is similar to the DP8350 in the 
way that it is positioned functionally within a system; it coordinates the 
flow of data from screen memory to character generator logic and thence onto 
the CRT monitor, but data does not actually pass through the 6845 as is the 
case with the 8275 device. However, the 6845 is a fully programmable 
device, like the 8275. Instead of being mask-programmable like the DP8350. 

Figure 4-1 illustrates those logic functions of the idealized CRT con¬ 
troller described In Chapter 1 that are provided by the 6845. The 6845 pro¬ 
vides screen memory addressing logic but no memory contention logic. The 
light pen logic, cursor logic, and scan line counters provided by the 6845 are 
similar to those of the 8275, although the scrolling and cursor logic is more 
limited in the 6845. Similarly, the blanking logic provided by the 6845 is 
minimal, although adequate, and docs not provide as many options as the 
8275. No dot timing logic is provided on-chip, as will be true with most of the 
CRT controllers we will describe, but the HSYNC/VSYNC generation logic is 
present on the 6845. We have shown the programmable registers, status, and 
control logic only partially shaded in Figure 4-1; while the 6845 provides a full 
complement of programmable registers, there are no status or control registers 
or signals provided by (he 6845 to simplify the microprocessor interface. 

The sole manufacturer of the 6845 device is: 

MOTOROLA INCORPORATED 
Semiconductor Products Division 
3501 Ed Bluestein Boulevard 
Austin, TX 78721 
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Figure 4*1. Logic Functions Provided by 6845 CRT Controller 
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THE 6845 CRT CONTROLLER PINS AND SIGNALS 

Figure 4-2 shows the pin assignments and signals for the 6845. We 
will provide a brief description of each signal, since this will serve as a good 
introduction to, and overview of, the capabilities of the 6845. We will discuss 
the uses of these signals and their interrelationships in more detail later in this 
chapter. 

The 6845 signals may be divided into three categories: signals used to 
interface the controller to the microprocessor and system busses, signals 
used to interface the controller to screen memory and character generator 
logic, and signals directly related to the controller-CRT monitor interface. 

Microprocessor The microprocessor system interface signals are described below. 

Interface D0-D7 are the bidirectional data lines used to transfer data between the 

Signals microprocessor and the 6845’s internal registers. 

C5 is a standard Chip Select input signal which would typically be 
generated by system address decoding logic. CS must be low to read informa¬ 
tion from or write information into one of the internal registers of the 6845. 

RS is the Register Select Input to the 6845. The 6845 has 19 internal 
registers. Rather than sacrifice five of the 40 available pins to register address¬ 
ing, the 6845 uses one of its registers as an address register to access the 
remaining 18 registers. When the RS signal is low, the internal address register 
is accessed and can be loaded with the address of the internal register that is to 
be accessed next. When RS is high, this enables access to the register whose 
address is contained in the address register. 

R/W is the Read/Write signal which determines whether_data is to be 
written into a 6845 register or read out of one of the registers. R/W must be low 
for a write operation and high for a read operation. 

E is the synchronizing clock or Enable signal required by the 6845. 
This signal is used to enable the internal I/O buffers and to clock data into and 
out of the internal registers via the data buffers. In a 6800-based system the 
Enable (E) input would be connected to the system’s <t>2 signal. 

CLK is the Clock input used to synchronize all of the 6845’s control 
signals. It will usually be derived from external dot clock logic and is usually 
the character rate clock, at least in an alphanumeric application. Thus it is 
actually more closely associated with the character generator and video inter¬ 
face, but we have included it with the microprocessor system interface signals 
since it is the primary timing input to the 6845. 

RESET is a standard device Reset signal which initializes the 6845. 
When RESET goes low, all of the internal counters are cleared and all of the 
6845's output signals are set low. The video display operation of the 6845 is 
thus effectively stopped. The reset operation does not affect the program- 
accessible counters within the 6845, however, so that display can be resumed 
when the RESET signal returns high. 

V cc (+ 5 V) and V ss (ground) are standard power supply connections 
to the 6845. 
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V ss JGNDI • 
ReSTt - 
LPSTB 
MAO 
MAI 
MA2 
M A3 
MA4 
MA5 
MA6 
MA7 
MA8 
MA9 
MA10 
MA11 
MA12 
MAI 3 
DISPEN 
CURSOR 
V C C <+5 v> 





1 


40 

2 


39 

3 






5 



6 



7 



e 


33 

9 


32 

to 

6845 

31 

ii 


30 

12 


29 

13 


28 

14 


2? 

15 


26 

16 


25 



24 



23 



22 

1 J 


2 * 






> 



Pin Name 

Description 

Type 


D0-07 

Data Bus 

Bidirectional, Tnstate 

1 1 

CS 

Chip Select 

Input 

* ^ 

RS 

Register Select 

Input 

g £ 

R W 

Read Write Select 

Input 

* p 

E 

Enable Synchronization Signal 

Input 

o c 

V ? 

CLK 

Character Rate Clock 

Input 

s > 

RESET 

Reset 

Input 


Vcc< V SS 

Power (+5 V) and Ground 


t s f 

M A0-MA13 

Screen Memory Address Bus 

Output 

111 

*Io 

« 

o £ i 
* <§ 

RA0-RA4 

Raster IScan Line) Address Signals 

Output 

m 

te "5 

hsync 

Horizontal Synchronization 

Output 

o c 
si 04 

VSYNC 

Vertical Synchronization 

Output 

§ a 

DISPEN 

Display (Video) Enable 

Output 

5 g 

CURSOR 

Cursor enable 

Output 

*- ® 
o 2 

C 

LPSTB 

Light Pen Strobe 

Input 


Figure 4-2. 6845 CRT Controller Pins and Signals 
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Screen Memory There are two sets of signals provided by the 6845 to implement the 

and Character interface to screen memory and character generator logic: MA0-MA13 are 

Generator the screen Memory Address outputs and RA0-RA4 are the Raster Address 
Signals output signals to character generator logic. The 14 screen Memory Address 
outputs (MA0-MA13) allow the 6845 to access up to 16K bytes of screen 
memory. The Raster Address output lines (RA0-RA4) are the outputs from 
the 6845’s scan line counter. While the signal names used on the 6845 for these 
outputs differ from those which we have used elsewhere in this book, these 
five signals arc simply the scan line counts required by character generator 
logic to determine which scan line of a character row is being displayed. 

CRT Monitor The 6845 provides a fairly standard set of CRT monitor interface sig- 

Signals nals. HSYNC and VSYNC are the standard Horizontal and Vertical Syn¬ 
chronization signals required by CRT monitors. DISPEN is the Display 
Enable signal and will be set high whenever the video signal to the CRT moni¬ 
tor is to be active. DISPEN will be set low during horizontal and vertical 
retrace, and thus might also be called the video blanking signal. CL'RSOR is 
the standard cursor enable signal used to create a steady stream of dots on a 
CRT screen to produce a cursor symbol. 

LPSTB is the Light Pen Strobe input signal which, in conjunction with 
external circuitry, can be used to implement a light pen interface between the 
CRT monitor and the 6845. When the 6845 detects a high level on the LPSTB 
signal it saves the contents of the screen memory address counter in one of the 
internal register sets so that the microprocessor can subsequently determine 
the position at which the light pen was detected. 

THE 6845 CRT CONTROLLER PROGRAMMABLE REGISTERS 

The 6845 provides 19 internal registers which must be accessed under 
program control to establish operating parameters for the device. Figure 4-3 
illustrates the logic involved in accessing the registers. Accessing one of the 
18 parameter registers requires a two-step sequence: first, the 5-bit Address 
register must be loaded with the number of the operating parameter that is to 
be accessed, and you can then perform a read or write of the addressed register. 
The Register Select (RS) signal determines whether it is the Address register 
that is being accessed or one of the parameter registers. Transfers of address 
and parameter information to and from the registers occurs via the data lines 
(D0-D7). 

Table 4-1 summarizes the function of each of the 18 parameter 
registers. As you can see, the first group of registers (RO through R3) estab¬ 
lishes the horizontal format and timing parameters, the next group (R4 
through R9) determines vertical format and timing characteristics, and the 
remaining registers (RIO through R17) deal with cursor characteristics, 
screen memory addressing, and the light pen interface. Typically, registers 
RO through R11 will be loaded when the system is first started up and will not 
have to be accessed thereafter. The remaining six registers (RI2 through R17) 
will be accessed on an ongoing basis during system operation. R12 and R13 es¬ 
tablish a 14-bit starting (or top of page) address for screen memory. The con¬ 
tents of these registers can be manipulated to perform scrolling of the screen 
contents. Registers 14 and 15 establish a 14-bit cursor address to produce the 
cursor symbol on the screen. Registers 16 and 17 will be used if the light pen 
input is utilized. 
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Typically, the 6845 will occupy two memory or I/O addresses; the R$ 
signal would be connected to the system’s least significant address bit (AO). 
When AO is low, the Address register would be accessed to load it with the 
number of the desired parameter register. That specified register would then be 
accessed by setting AO high. Thus a typical register access operation would 
consist of two consecutive device write cycles, or a write cycle followed by a 
read cycle, and these cvcles would be directed to consecutive memory or I/O 
locations. Since the contents of the parameter registers determine all of the 
primary operating characteristics for the 6845, we shall defer a description of 
the contents of each register until later in this chapter when we describe pro¬ 
gramming of the device. 
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Table 4-1. 6845 CRT Controller Programmable Registers 


Register 

Read (R) 
Write (W> 

Bits 

Range — Units 

No. 

Name/Function 

0100 16 I 

HorizontalTota* 

W 

8 

1 - 258 <0-FF, B ICLKs 

H01 1B > 

Character* Row 

W 

8 

1 - 256 <0-FF 16 1CLKs 

2(02 „> 

HSYNC Position 

W 

8 

1 - 256(0-FF )6 ICLK$ 

3l03, e l 

HSYNC Width 

W 

4 

1 - 16 <0-F 16 l CLKs 

4104, 6 ) 

Vertical Total 

W 

7 

1 -1 28(0-7F 16 l Character Rows 

S(05, 6 I 

VSYNC Adjust 

W 

5 

1 -32 10-1 F, e ) Scan Lines 

6(06, 6 > 

Character Rows Frame 

W 

7 

1-128(0-7F 16 I Character Rows 

7107,*! 

VSYNC Position 

W 

7 

1 -128(0-7F ie l Character Rows 

8(0B, 6 I 

Interlace Mode 

W 

2 

0-3 

9(09, 6 > 

Scan Lines Row 

W 

5 

1 - 32 (0-1F, 6 I Scan Lines 

10(0A, 6 I 

Cursor Start Scan Ime 

w 

7’ 

1 - 32 <0-1F 16 l Scan Lines 

11I0B i6 ) 

Cursor Stop Scan Line 

w 

S 

1 -32 (0-1F, 5 ICLKs 

12(0C, 6 I 

IMSB) 

Start Address 
(Topol Page) 

w 

6 

1 - 16,384(0000-4FFF 16 I 

1 3 sOD, 6 I 

ILSB) 

w 

8 

14IOE, a l 

IMSB) 

Cursor 

Position 

R W 

6 

0 - 16.384(0000-4FFF, a l 

1 510F 16 i 

dSB) 

R W 

8 

16H0 16 I 

CMSBI 

Light Pen 
Position 

R 

6 

0 - 16.384 I0000-4FFF, 6 ) 

1 7111 ie l 

(LSBI 

R 

8 


Horizontal 
Format and 
Timing 


Vertical 
Format and 
Timing 


Primary 

Operating 

Registers 


Two bits used to speedy cursor blink characteristics 
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THE 6845-MICROPROCESSOR SYSTEM INTERFACE 

Since the 6845 is a member of the 6800 family of devices, the interface 
that it provides to the microprocessor system is a standard 6800-type inter¬ 
face. The signals used to interface the controller to the microprocessor con¬ 
sist of the eight data lines (D0-D7), the ChipSelect (CS) signal, the 
Register Select (RS) signal, the Read/Write (R/W) signal, and the Enable 

(E) signal. . r N . 

The microprocessor can transfer parameter information to and trom tne 
6845 simply by issuing standard memory write and read commands to the 
device (recall that the 6800 family uses memory-mapped I/O). Timing for a 
microprocessor-initiated write operation to load an address into the Address 
register or a parameter into one of the parameter registers can be illustrated 
as follows: 


j —\_/ V 



This timing is completely straightforward with the exception of the E 
signal. In a 6800 system, this signal would be driven by the <1>2 clock. This is 
a continuous clock signal in 6800 systems and is used to trigger all data transfer 
between the system microprocessor and its supporting devices. In a system 
that uses a CPU other than a 6800 family device or 6502 microprocessor, you 
must derive and supply some type of continuous clock signal to drive the E 
input to the 6845. Since there is a maximum allowable cycle time for the E 
input signal, it is necessary that it be driven by a continuous clock. This may 
result in a rather complicated interface to the microprocessor in a non-6800 

system. . . 

The timing for a microprocessor-initiated read operation to obtain 
information from the parameter registers of the 6845 can be illustrated as 
follows: 


j —\_/ V 



Oats Valid 


Data Out 
IOO-D7I 
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Once again, with the exception of the E signal, this timing is completely 
straightforward. 

The read and write cycles we have just illustrated are the only com¬ 
munication that occurs directly between the microprocessor system and the 
6845. Unlike some of the other CRT controllers we have described, the 6845 
provides no interrupt signals, DMA or memory contention signals, or status 
signals. In addition, the 6845 does not include a data register (data for display 
goes directly from screen memory to character generator logic), a status 
register, or a command register. The bulk of microprocessor interaction with 
the 6845 will be during system startup when the parameter register must be 
loaded with values to establish timing characteristics. 

THE 6845-SCREEN MEMORY/CHARACTER GENERATOR INTERFACE 

The only signals that the 6845 device provides specifically for the 
screen memory interface are the 14 memory address outputs (MA0-MA13). 
At the beginning of a frame, the 6845's internal address counter is set to the 
value contained in the Start Address (or Top of Page) register (R12, RI3). 
Thereafter, the contents of the 6845’s address counter, and thus of the 
memory address outputs, are incremented at the Character Clock (CLK) rate 
during each scan line. At the end of each scan line, the address register will 
once again be set to the start address and the cycle repeated until all scan lines 
comprising a character row have been completed. Upon completion of one 
character row, the address counter will be loaded with the address of the first 
character on the next character row. 

Screen memory address timing is quite straightforward and similar to 
that which we have described, and will describe, for other CRT controllers in 
this book. The one aspect of the screen memory interface which this timing 
does not deal with is memory contention resolution to determine when the 
microprocessor system can access screen memory without disrupting the 
accesses initiated by the 6845. To see what might be required, we need to 
examine the position of the 6845 within the system. The following illustra¬ 
tion shows the general relationship between the 6845, microprocessor, 
screen memory, and character generator logic. 
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Interleaved 
Access to 
Screen 
Memory 


Data will be loaded into screen memory under control of the 
microprocessor and will then be accessed by the 6845 to cause the contents of 
screen memory to be presented to character generator logic. This arrangement 
is similar to that which we encountered with the DP8350 in Chapter 2. Screen 
memory data does not pass through the 6845. as was the case with the 8275 
device described in Chapter 3. Neither is the 6845 involved in initiating the 
DMA transfers of data within the system. 

There are numerous methods which can be used to resolve memory 
contention. You can use external logic to decode the scan lines (as indicated by 
RA0-RA4) to determine when the 6845 will not need access to screen 
memory, and then allow the microprocessor access to the busses during these 
intervals. You can also use the horizontal blanking and vertical blanking inter¬ 
vals to grant access to the microprocessor. These techniques are familiar ones 
which we discussed in Chapter 1 and have seen with the CRI controllers de¬ 
scribed in Chapters 2 and 3. The point we should make here is that the 6845 
provides no logic specifically to assist you in implementing this external cir¬ 
cuitry to resolve memory contention. 

There is one characteristic of the 6845. or more accurately of the 6800- 
type systems, that can be used to implement interleaved access to screen 
memorv. In a 6800-based system, a two-phase clock is used to time all tran¬ 
sactions in the system; the CPU will utilize system busses only during one ol 
these phases. In such a system, you can use <l>2 as the Enable (E) Input to the 
6845. The 6845 can then utilize the system busses to access screen memory 
during the alternate phases and there will be no interference between the 
6845 and the microprocessor. The timing for this arrangement can be illustr¬ 
ated as follows: 



E <<t’2l 


6845 

--ACCSSSSS 

Memory 


Microprocessor 
•—Accosses—• 
Memory 


6845 

-Accesses* 

Memory 


t 


Microprocessor 

•—Accesses- 

Memory 


The interface that the 6845 provides to character generator logic 
simply consists of the five Raster Address or scan line counter outputs 
(RA0-RA4). These outputs form one set of inputs to character generator logic, 
while the data from screen memory comprises the second set of character code 
inputs to character generator logic. 
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The RA0-RA4 outputs can represent scan line counts ranging from 0 
to 31, and thus character rows can be comprised of up to 32 scan lines. Register 
R9 specifies the number of scan lines per character row, and thus the max¬ 
imum count that RA0-RA4 will reach before being reset to 0. The scan line 
counter will be incremented at the Horizontal Synchronization (HSYNC) 
rate. Timing for the RA0-RA4 outputs can be illustrated as follows: 



hsvnc AAA .. A J\ _A_A_A—A_ 


The timing illustrated here is for a standard non-interlaced display. 

The 6845, however, can also operate in two interlaced modes of operation, and 
the scan line counter function is somewhat dependent on the mode you 
specify. Therefore, let us now discuss the various interlaced and non-interlaced 
modes provided by the 6845. 


The 6845 CRT Controller Scan Modes 


The 6845 provides three scan modes: standard non-interlaced scans, 
interlaced-sync scanning, and interlaced-sync-and-video scanning. ^ ou 
select the desired mode by loading the appropriate 2-bit code into Register 
R8. the Interlace Mode register. These bits specify the mode as shown 
below: 


7 6 5 4 3 2 



R8 - Interlace Mode 


| = Normal Mode INon-intertacel 


01 ■ Interlace Sync 


11 a interlace Sync and Video 
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In this mode, every horizontal scan line is traced during each vertical 
scan, and the refresh rate for each dot on the screen is thus the VSYNC fre¬ 
quency (for example, 60 Hz). This non-interlaced mode is the most commonly 
used in alphanumeric terminals and is the only mode provided by most of the 
CRT controllers we describe. 
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Interlaced- 
Sync Mode 


In the interlaced-sync mode, the first sweep (the even field) starts at 
the upper left-hand corner of the screen and the second sweep (odd field) 
starts at the top center of the screen. (For an illustration ot interlaced fields 
refer to Chapter 1.) In the interlaced-sync mode, the same information is 
presented on the screen in both the odd and even fields. This can be illus¬ 
trated as follows: 


Evon Field 


RA4-RA0 
OOOOO - 
00001 - 
00010 - 
00011 - 
00100 - 
00101 - 
00110 - 
00111 - 
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Interlaced-Sync The same information is repeated in the even and odd fields and the two 

Mode Timing fields are displaced vertically from one another by one-half scan line. 1 hus the 
combined fields improve resolution by making the letters appear to have nearly 
solid vertical lines due to the proximity of the adjacent dots. A problem with 
this approach is that each field is refreshed at one-half of the VS\ NC rate 
(for example, 30 Hz). This may result in an unacceptable Ricker of the dots 
on the screen. As wc discussed in Chapter 1, flicker due to low refresh rale can 
be overcome by using long-persistence phosphor CRT screens. > 

The timing for the interlaced-sync mode can be illustrated as follows: 
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All scan line counts for every character row will be generated during both 
the odd and even fields so that the same dot patterns from the character 
generator will be output twice — once during each field. The VSYNC pulse for 
the odd field occurs one-half scan line time earlier during the odd field than it 
does during the even field; this is what produces the one-half scan line vertical 
separation between scan lines of the odd and even fields. 

Interlaced-Sync In the interlaced-sync-with-vldeo mode, dot information is also writ- 

with-Video Mode ten Into both the odd and even fields of a frame. In this case, however, the 
same Information is not presented in both fields; instead, half of each 
character is written in each field so that a character row comprised of eight 
scan lines will have four scan lines presented in the even field and four in 
the odd field. This can be illustrated as follows: 


Even Field 



Combined Field* 
(One Frame) 
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Interlaced- Sync- This mode of operation results in the highest screen density, since eacfel 

with-Video character row is only half as tall as in the other two modes we illustrated. Thts 

Mode Timing mode suffers from the same weakness as the interlaced-sync mode, howeve^ 

in that each dot will only be refreshed at one-half the VSYNC frequency. Th; 
low refresh rate may be even more objectionable in this mode than in the inter¬ 
laced-sync mode, since only half the character is being created in each Held 
The timing for this interlaced-sync-and-video mode can be illustrate* 
as follows: 



Since only odd-numbered scan lines are produced during the odd field in 
this mode, RAO is always high during the odd field. During the even field, RAi 
will be held low so that the dot patterns sent to character generator logic will 
only be those for even-numbered scan lines. 
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THE 6845-CRT MONITOR INTERFACE 

Figure 4-4 illustrates the signals provided by the 6845 to implement 
the interface to a CRT monitor. The 6845 provides fewer signals and options 
than did the 8275 device described in Chapter 3, but gives you more options 
than were provided by the DP8350 described in Chapter 2. 

The Horizontal Synchronization (HSYNC) and Vertical Synchroniza¬ 
tion (VSYNC) signals are the standard signals compatible with three-ter¬ 
minal CRT monitors. You specify the exact time at which these pulses are to 
be generated by loading the appropriate values into the parameter registers. 
The duration of the HSYNC pulse is also program-specifed. The VSYNC 
pulse, however, is of a fixed duration (16 scan line times) and thus external 
logic may be required to obtain a pulse of the proper duration lor a given CRT 
monitor. The HSYNC and VSYNC signals can. of course, be combined using 
external components to produce a composite SYNC signal or composite video 
signal for those CRT monitors requiring this type of input. 

The CURSOR signal is generated by the 6845 whenever the screen 
memory address is equal to the address contained in the 6845’s Cursor Posi¬ 
tion register (R14, R15). This signal is similar to that provided by the DP8350 
and 8275 devices. Since there is no symbol for the cursor stored in screen 
memory, the CURSOR signal must be used by external logic to generate a con¬ 
tinuous stream of dots to create the cursor symbol on the screen. As we shall 
see when wc discuss programming of the 6845’s registers, you have the option 
of specifying that a blinking cursor symbol be generated. The 6845 will 
accomplish this blinking by not turning on the CURSOR signal on at the 
specified character position during some of the refresh operations. This 
approach is more straightforward than that used by the 8275. which manipu¬ 
lated yet another signal (video suppression) to produce a blinking cursor. 

The DISPEN signal will be set high during horizontal and vertical 
retrace operations and thus can be used as the blanking signal to turn off 
VIDEO during these intervals. You specify those points when the DISPEN 
signal is to be activated by loading the appropriate values into the parameter 
registers. Those intervals where DISPEN is to be activated have no fixed rela¬ 
tionship to the occurrence of the HSYNC or VSYNC signals. Instead, the DIS¬ 
PEN signal will be activated at all times except during those intervals where 
you have specified that characters are to be displayed on the screen. 

Both the CURSOR and DISPEN signals are synchronized to the 
screen memory address outputs; that is, when the screen memory address 
corresponding to the cursor position, or the position where the display is to be 
blanked, is generated, the CURSOR or DISPEN signal will be activated at that 
time. However, since some time will be required to access the corresponding 
character from screen memory and then to generate the dot pattern via 
character generator logic and shift it out through the video shift register, the 
CURSOR and DISPEN signals may be activated far before the correspond¬ 
ing character is being sent to the screen. Therefore, you may have to 
introduce delays using the appropriate logic for both signals to account for 
this pipelining effect. 
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After LPSTB has gone high, the next positivc-to-ncgative transition of 
CLK causes the subsequently generated screen memory address to be saved in 
the Light Pen registers. Since there may be significant delays introduced by the 
external light pen circuitry, you may have to adjust the values held on the light 
pen registers using software in order to obtain a true screen position value. In 
addition, there are two critical timing relationships in the preceding illustra¬ 
tion: if LPSTB goes high during t, or t 2 , the 6845 may store a screen memory 
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Figure 4-6. 6845 CRT Controller Horizontal Registers <R0> 


address other than the X + 2 address illustrated. Therefore you must use 
external circuitry to synchronize the presentation of LPSTB with the CI.K 
signal to ensure that it is presented to the 6845 at the proper time. For exact 
timing specifications, refer to the 6845 data sheets at the end of this chapter. 


PROGRAMMING THE 6845 CRT CONTROLLER REGISTERS 

The 18 parameter registers provided by the 6845 can be divided into 
three groups: those used to establish horizontal format and timing, those 
used to establish vertical format and timing, and those used to establish cur¬ 
sor shape and location, screen memory addressing, and light pen address 
information. All of the registers, with the exception of the Cursor Position 
and Light Pen Position registers, are write-only registers. As wc have dis¬ 
cussed previously, accessing any of these registers is a two-step process; you 
must first load the address register with the 5-bit address which selects the 
parameter register that is subsequently to be accessed. 

Horizontal Registers RO through R3 establish horizontal format and timing for 

Format the 6845. These registers are usually loaded with the required values at 
and Timing system startup and do not have to be changed thereafter. 

Registers Figure 4-5 shows the format for the Horizontal Total register (RO). 

The contents of this register determine the total time allotted for one scan 
line in terms of Character Clock (CLK) cycles. This register contains the total 
of displayed and undisplayed characters, minus 1. per horizontal line, thus 
determining the HSYNC frequency. 
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Figure 4-6 shows the format for the Character/Row register (Rl). 
This register specifies the number of characters to be displayed on each 
horizontal line. Once again this register is loaded with the total number of 
characters minus 1, and the units for this register are Character Clocks 
(CLKs). 

Figure 4-7 shows the format for the HSYNC Position register (R2). 
This register establishes the point w here the HSYNC signal makes its nega- 
tive-to-positive transition and is specified in terms of Character Clocks 
(CLKs). The reference point for the beginning of the HSYNC pulse is the left¬ 
most character position displayed on the scan line. 

Figure 4-8 shows the format for the HSYNC Width register (R3). 
Only the four least significant bits of this register are used, and they estab¬ 
lish the duration of the HSYNC pulse in the range of 1 to 16 Character Clocks 
(CLKs). This allows you to adjust the HSYNC pulse duration to meet the 
requirements of specific CRT monitors. 

The following illustration shows the relationships between the four 
horizontal timing and format registers (R0-R3) in terms of t t | 
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Figure 4-7. 6845 CRT Controller HYSNC Width Register <R2) 
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Vertical 
Format and 
Timing 
Registers 



The next six registers (R4-R9) establish the vertical format and tim¬ 
ing. Just as was the case with the horizontal parameter registers, these registers 
will usually be loaded with the desired values at system startup and will not 
have to be changed thereafter. The point of reference for all of the vertical tim¬ 
ing and parameter registers is the topmost character position displayed on the 
screen. 

Figure 4-9 shows the format for the Vertical Total register (R4) and 
the VSYNC Adjust register (R5). These registers determine the total num¬ 
ber of scan line times in a frame, Including the time required for vertical 
retrace, and thus specify the overall frame rate or VSYNC frequency. The 

Vertical Total register (R4) is a 7-bit register, and the units used are character 
rows. Since a character row can consist of up to 32 scan lines, this specification 
may be too gross to allow you to establish a refresh frequency close to the line 
frequency (for example, 60 Hz). Thus you can use the VSYNC Adjust register 
(R5) to fine tune the VSYNC frequency. The VSYNC Adjust register is a 5-bit 
register, and the units used are scan line limes. 
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Figure 4-10. 6845 CRT Controller Character Rows Displayed Register (R6) 


Figure 4-10 shows the format for the Character Rows Displayed 
register (R6). This 7-bit register allows you to specify that up to 128 
character rows be displayed. Note that this specification docs not determine 
the position of the VSYNC pulse, but instead determines that point when the 
Display Enable (D1SPEN) signal will be set low for the vertical retrace opera- 

tion, I 

Figure 4-11 shows the format for the VSYNC Position register (R7). 
This 7-bit register determines the point where the VSYNC signal makes its 
negative-to-positivc transition to initiate vertical retrace. The VSYNC posi¬ 
tion is specified by means of the character row times measured from the begin¬ 
ning of the first character row on the screen. You can see in Figure 4-11 that 
the VSYNC pulse alway s has a duration of 16 scan line times. Since the scan 
line frequency will vary from application to application, and since you cannot 
adjust the VSYNC pulse duration, you may need external circuitry in order to - 
achieve a VSYNC pulse that is compatible with the CRT monitor you are 
using. 


I 
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Register R8 is the Interlace Mode register which determines whether 
an interlaced or non-interlaced scan will be used. To see the format fr this 
register, refer to the section earlier in this chapter where the interlaced scan 
modes were discussed in detail. 

Figure 4-12 shows the format for Register R9. which determines the 
number of scan lines per character row . This is a 5-bit register, and you can 
thus specify that a character row be comprised of up to 32 scan lines. The 

value you specify in this register determines the maximum count that will be 
output on the Raster (scan line) Address signals (RA0-RA4) which arc sent to 
the character generator logic. You load R9 with the desired scan line count 
minus 1. 


% 
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Figure 4-12. 6845 CRT Controller Scan Lincs/Row Register (R9> 


The next two registers in the 6845 determine the type of cursor that is 
to be displayed. Figure 4-13 shows the format for the Cursor Start reg ster 
(RIO) and the Cursor Stop renter (Rll). The five least signtfcMd. bltt of 
each register determine the scan lines within a character row where the CUR- 
SOR signal is 10 be activated. The scan line specified in Revster RIO is the firs 
scan line where the CURSOR signal is to be set high, and CURSOR will be set 
high for all subsequent scan lines in that character position until the scan line 
specified in Register Rll has been completed. Thus If you want the cursor 
svmbol to occupy a single scan line, you must load the same value^into»twth 
Registers RIO and Rll. A block cursor symbol will be produced if RIO and 
RU contain different values. If you have specified that the 6845 is to operate 
in the interlaced-sync-and-video mode, then the Cursor Start and Stop 
registers must both be loaded with even or odd values. To see why this is so. 
refer to our earlier discussion of the interlaced modes of ... 

Bits 5 and 6 of the Cursor Start register determine whether a blinking 
cursor is to be displayed. You can specify that the Cursor signal be blinked 
at 1/16 or 1/32 of the field rate. 
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Primary The remaining six registers (R12-R17) provided by the 6845 can be 

Operating considered the primary operating registers, since they may be frequent- 
Registers accessed and manipulated during operation instead of simply being loadee 
with values at system startup time. Figure 4-14 shows the format for these 
six registers. The six registers are arranged as three 14-bit address register 
Registers R12 and R13 comprise a 14-bit Top of Page register which specifier 
the screen mentor)' address containing the first character to be displayed on tr; 
screen. Upon completion of the vertical retrace operation, the first screes 
memory address that is generated will be that which is contained in the Top f 
Page register. By changing the contents of the Top of Page register, you car 
perform scrolling. Since the 6845 addresses memory linearly rather than or . 
row/column basis, scrolling can be on a charactcr-by-character basis or row-b ;«-1 
row. 

Registers R14 and R15 comprise a 14-bit Cursor Position register 

When the 6845 generates a screen memory address on MA0-MA13 tha: 
matches the contents of this register, and when the scan line counter output 
(RA0-RA4) fall within the boundaries established by Registers RIO and R1 
the CURSOR signal will be activated. As we discussed when we described tb: 
interface to the CRT monitor, you may have to delay the CURSOR signs 
using external logic in order to achieve display at the desired character position 
Movement of the cursor on the screen is accomplished by loading new value' 
into the Cursor Position register. Registers R14 and R15 are the only one* 
provided by the 6845 that are read/write registers, so you can use this registe- 
pair to keep track of where the cursor is, rather than having to copy the curse * 
position to it from another memory location. 

Registers R16 and R17 comprise the 14-bit Light Pen register and will 
be loaded with the screen memory address that corresponds to the screen 
position where the LPSTB signal was detected. You should refer to our ear- 
Her discussion of the LPSTB signal since there are several critical timing 
parameters involved with this signal and the resultant values that are stored is 
the Light Pen register. 

Figure 4-15 illustrates the relationship between the programmable 
registers of the 6845 and a modified timing chain developed in Chapter 1. 
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Figure 4-15. The Relationship between 6845 Programmable Registers and the CRT 

Timing Chain 
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DATA SHEETS 

This section contains specific electrical and timing data for the 6845. 
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6845 __ 

SYSTEM BLOCK DIAGRAM DESCRIPTION 


At shown in Figure 1, the primary function of the 
CRTC it to generate refresh addresses (MA0-MA13I, row 
teiect* (RA0-RA4I, and video monitor timing (HSYNC. 
VSYNC) and Display Enable. Other functions include an 
Internal cursor register which generates a Curtor output 
when its contents compare to the current Refresh Ad¬ 
dress. A light-pen strobe input signal allows capture of 
Refresh Address in an internal light pen register. 

All timing in the CRTC is derived from the Clk input. 
In alphanumeric terminals, this signal is the character rate. 
Character rate is divided down from video rate by external 
High Speed Timing when the video frequency is greater 
than 3 MHz. Shift Register. Latch, and MUX Control 
signals are also provided by external High Speed Timing. 

The processor communicates with the CRTC through a 
buffered 8-bit Data 8us by readingi'writing into the 
18-register file of the CRTC. 

The Refresh Memory address is multiplexed between 
the Processor and CRTC. Data appears on a Secondary 
Bus which is buffered from the processor Primary Bus. A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

So poly Voltage 

vec* 

-0.3 to *7.0 

Vdc 

trout Voltage 

V,n* 

-0.3 to *7.0 

Vdc 

Operating Temperature Range 

Ta 

0 to »70 

»C 

Stotaga Tarroeriture Range 

Tttg 

•55 to *180 

°C 


•WUh respect to Vgs <GnO) 


RECOMMENDED OPERATING CONDITIONS 


Charactarn1*CT 

wmm 

03 

KB3 

wm 

WB1' 

Supply Voltage 

wrm 

ED 

Ed 

irn 

Rffli 

Input Low Voltage 

KM 

EH 

■SI 

EO 

Wl' 

■i mm ■ mi 

KM 

ED 

M 

EE3 



number of approaches are possible for solving contentions 
for the Refresh Memory. 

1. Processor always gets priority. 

2. Processor gets priority access anytime, but can'be 
synchronized by an interrupt to perform accesses 
only during horizontal and vertical retrace times. 

3. Synchronize processor by memory wait cycles. 

4. Synchronize processor to character rate (See Figure 
21. The 6800 MPU family lends itself to this config¬ 
uration because it has constant cycle lengths. This 
method provides zero burden on the processor be¬ 
cause there is never a contention for memory. All 
accesses are "transparent" 

The secondary data bus concept in no way precludes 
using the Refresh RAM for other purposes. It looks like 
any other RAM to the Processor. For example, using 
Approach 4. a 64K byte RAM Refresh Memory could 
perform refreih and program storage functions trans¬ 
parently. 


FIGURE 2 - TRANSPARENT REFRESH MEMORY 
CONFIGURATION TIMING USING 6600 MPU FAMILY 


CRTC Acc«m 
R • Irrun Memory 


MPU 

R«*re»n Memory 



wM«r« m,*> i nregartt 

T e t» (dl'K»l oe'-od 


Data thaata on pages 4-32 through 4-41 are reprinted by permiaaiori of Motorola Semiconductor Products Inc. 
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ELECTRICAL CHARACTERISTICS • 5 0 V i5S. • 0, - 0 to 70°C unity* ui^erMiM noted! 



Output High Voltage 

Hloed * -705uAI 

IIload ’ -tOOuAl 

00-07 

Other Outputs 

V0M 

Output Low Voltage 

(■load * 1 6 mAI 


V 0L 

Power Dissipation 


P D 

input Capacitance 

D0D7 

All a then 

Cin 

Output Capacitance 

All Ouiputs 

Cpjt 



Minimum Clock Put* Width. High 


C»Ock Frequency 


Rise and Pall Tima for Clock Input 


Memory Address Oeiav Tima 


Hnlf Address Deity Tlrra 


Out: 'av Timing Oalay Tim* 


Horizontal Syne Oalay Tima 




Light Pen Snot* Minimum Pul* Width 


Light Pen Strobe Oiteb * Time 


Note Th* light pan strobe must fall to iow leurl befare VSVNC au* rise* 

BUS TIMING CHARACTERISTICS 



Characteristic 

Symbol : 

M»n 

Max 


READ/WRITE 


Enable Cycle Time 


Enable Puise Wldtn. High 


Enable Pul* Width. Lon 


Setup Time. CS and RS valid to enable potitnre transition 
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FIGURE 6 - BUS TIMING TEST LOAD 
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FIGURE 7 - PIN ASSIGNMENT 
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FIGURE 14 - CRTC VERTICAL TIMING 
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FIGURE: 10- MCFRCSM MEMORY AOORESSINC (MA0WAI3) STATE CHART 
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The 6545 CRT Controller 


The 6545 CRT controller is the 6500-equivalent of the 6845 device 
which we described in Chapter 4. The two devices are pin-compatible and 
functionally equivalent, except that a few additional functions have been 
added to the 6545. Because the differences are few. we will not provide a 
complete description of the 6545 CRT controller; instead, we will discuss 
only those aspects of the 6545 device that are different from the 6845 CRT 
controller. 

Figure 5-1 illustrates those logic functions of the idealized CRT con¬ 
troller, described in Chapter 1, that are provided by the 6545 device. If you 
compare this figure to the equivalent one for the 6845 device (Figure 4-1), 
you will see that the only differences are that the blocks labeled Programma¬ 
ble Registers, Status, and Control are completely shaded for the 6545 rather 
than partially shaded, and that the memory contention logic which was not 
present on the 6845 is provided on the 6545. While most of the programmable 
registers provided by the 6545 are identical to those of the 6845, the 6545 
device also provides a Status register which can be read by the microprocessor 
to ascertain the progress of operations within the device. The 6845 provided no 
such status register. Because of its presence on the 6545 device, we have shown 
the logic block in Figure 5-1 as being fully present. A more significant 
difference is in the memory contention logic function. The 6845 provided 
absolutely no logic specifically to simplify memory contention within the 
system. The 6545 device, on the other hand, provides some rather unusual 
logic that can be used to resolve memory contention between the CRT con¬ 
troller and the microprocessor. 

There are two sources for the 6545 CRT controller: 

SYNERTEK, INC. ROCKWELL INTERNATIONAL 

1901 Old Middlefield Way Microelectronic Devices 

Mountain View P.O. Box 3669, RC55 

CA 94043 Anaheim, CA 92803 




Microp<ocossoi 
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Figure 5-1. 6545 CRT Controller Functional Logic 


THE 6545 CRT CONTROLLER PINS AND SIGNALS 

Figure 5-2 shows the pin and signal assignments for the 6545 CRT 
controller. Only those signals which are shaded in the figure are different 
from those of the 6845, and they are the only ones we will discuss here. 

The 4>2 signal is the system clock input to the 6545 and was named the 
Enable (E) signal on the 6845 device. This signal is used to trigger all data 
transfers between the microprocessor and the 6545, thus performing the same 
function as the E signal on the 6845. There is one potentially significant 
difference, however: the 6845’s E signal had a maximum cycle time specified 
and thus had to be driven by a continuous clock signal. The 4>2 signal on the 
6545, on the other hand, has no maximum limit for cycle time and thus need 
not be driven by a continuous clock. This will simplify the microprocessor 
interface to the 6545 in non-6500-compatible systems. 

The screen Memory Address outputs (MA0-MAI3) have a second set 
of signal names associated with them. The eight least significant address 
signals are labeled CC0-CC7 and can function as Character Column address 
outputs, while the six most significant signals can serve as Character Row 
address outputs (CR0-CR6). You have the option of specifying that the 6b4.*> 
address screen memory in the straight binary sequence, using MA0-MA13, 
or in a row/column addressing sequence using CCO-LC7/CR0- CR5. 
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V s s IGNOI 
RI5FT 
LPSTB 
CCO MAO 
CC1 MAI 
CC2MA2 
CC3 MA3 
CC4 MA4 
CC5MA5 
CCS MA6 
CC7.MA7 
CRO MA8 
CR1MA9 
CR2.MA10 
CR3MA11 
CR4 MAI 2 
CR5MA13 
OISPEN 
CURSOR 
V cc <4-5 VI 


These sgnals differ from 6845 s gnals 




Pin Neme 

Description 

Type 


D0-D7 

Data Bus 

Bidirectional, Tristate 

s • 

cS 

Chip Select 

Input 

Sr 

RS 

Register Select 

Input 

o = 

R.'W 

Read-Write Select 

Input 


4*2 CE) 

System Synchronization Signal 

Input 

2 I 

CCLK 

Character Rate Clock 

Input 

5 * 

RESET 

Reset 

Input 

“ V) 

Vcc. Vss 

Power t+5 VI and Ground 


m 

MA0-MA13 

Screen Memory Address Bus (Linear) 

Output 

ti 5 

ICC0-CC7. CR0-CR5I 

Screen Memory Cotumn'Row Addresses 

Output 

f o ? 

RA0-RA3 

Raster (Scan Line! Address Signals 

Output 

5 n j. 

R A 4/STB 

Raster Address Update Address Strobe 

Output 

•c S 
5 U 5 




n i 
* *<$ 





HSYNC 

Horizontal Synchronization 

Output 

5 S 

VSYNC 

Vertical Synchronization 

Output 

*1 CJ> 

DISPEN 

Display (Video) Enable 

Output 


CURSOR 

Cursor Enable 

Output 

* 5 

LPSTB 

Light Pan Strobe 

Input 

o 5 

6 





Figure B-2. 6545 CRT Controller Pins and Signals 
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The most significant Raster Address output (RA4) has also been 
assigned a secondary signal name: Strobe (STB). This signal is associated 
with the memory contention logic provided by the 6545. If you program the 
6545 to operate in a transparent memory adressing mode, the STB signal can 
be used to inform external logic of those intervals when a memory update 
address (as opposed to a memory display address) is being output on the 
MA0-MA13 lines. We will discuss the STB signal in more detail when we de¬ 
scribe the screen memory interface provided by the 6545 device. You should 
note that if the transparent memory addressing option is utilized, external logic 
must be supplied if you need to use this signal as RA4. We will describe the 
required logic later in this chapter. 


THE 6545 CRT CONTROLLER PROGRAMMABLE REGISTERS 

The programmable registers provided by the 6545 are, for the most 
part, identical to those of the 6845; there are, however, a few minor changes 
and several significant additions. Figure 5-3 illustrates the logic involved in 
accessing the programmable registers of the 6545, and Table 5-1 summar¬ 
izes the function of each of the programmable registers. In both Figure 5-3 
and Table 5-1. those areas that are shaded are the only ones that differ from 
the corresponding functions of the 6845 and will be the only functions which 
we will discuss here. 

The programmable registers of the 6545 are accessed in the same way 
as in the 6845: you first load the Address register with a 5-bit address which 
subsequently is used to specify the Parameter register that is to be accessed. 
The following table sjiows how the Chip Select (CS), Register Select (RS), 
and Read/Write (R/W) signals are used to select the various registers: 


CS 

RS 

R/W 

Function 

H 

X 

X 

□evict not selected 

L 

L 

L 

Write data into Address Register 

L 

L 

H 

Read data from Status Register 

L 

H 

L 

Write data into register specified by Address Register 

l 

H 

H 

Read date from register specified by Address Register 


Status This logic is the same as with the 6845 with the exception of the Status 

Register register; the 6845 provided no status register. The 6545 Status register can 
be accessed by the microprocessor at any time and provides three bits of 
information. The bit assignments for the Status register are show n in Figure 
5-4. The five least significant bits are not used and will also be zero when you 
read the contents of the Status register. 
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Table 6*1. 6545 CRT Controller Programmable Registers 



Horizontal 
Format and 
Timing 


Vertical 
Format and 
Timing 


Primary 

Operating 

Registers 


Register 

No. 

Name/Function 

0 100, 6 ) 

Horizontal Totel 

1(01 1ft l 

Characters. Row 

2<02 I6 I 

HSYNC Position 

3(03 16 ) 

HSYNC/VSYNC Width 

4(04 i8 ) 

Vertical Total 

5I05 16 I 

VSYNC Adjust 

6(061 gt 

Character Rows Frame 

7107, 6 ) 

VSYNC Position 

0(08, 6 I 

Mode Control 

9109,gl 

Scan Line*' Row 

10<0A 1fl l 

Cursor Start Scan Line 

11I0B, 6 > 

Cursor Stop Scan Line 

12:0c , 6 i 

(MSBI 

Start Address 

13100, gl 

(LSBI 

(Top of Pegel 

14IOE,gl 

(MSBI 

Cursor 

15(OF, 6 l 

ILSBI 

Position 

16(10, 6 I 

IMSB) 

Light Pen 

17(11, 8 » 

(LSB) 

Position 

18(12, 8 > 

(MSBI 

Update 

19(13, 6 ) 

(LSBI 

Location 

31(1F, e » 

increment Update 


Read IR) 
Write (W) 



Range — Unite 


1 - 256 (0-FF, e l CCLKs 


1 - 258 (0*FF ia ) CCLKs 


1 - 256 (0-FF, e ) CCLKs 


1 - 16<0-F, e lCCLKs 


1-128(0-7F, 6 I Character Row* 


1 - 32 (0-1F, 6 I Scon Lines 


1 -12810- 7 F, 6 I Character Row* 


t -128I0-7F 16 I Character Rows 


See Figure 5-7 


1 - 32 (0-lF, fl ) Scan Lines 


1 — 32 <0-lF ie l Scan Lines 


1 - 32 (0-1F,gl CCLKs 


1 - 16.384l0000-4FFF, e ) 


0- 16.384<0000-4FFF, a ) 


0- 18.384 (0000-4FFF, 6 i 


0- 16.384 l0000-4FFF t6 l 


N-’A 


Two bits used to specify cursor btnk characteristics 


Functions different from 6845 
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B<; No 

Status Regt*t«K 


-Not Used (always 01 


-Vertical Blanking 

0 • Scan currentlv >n display 
area o! screen 

1 » Scan currently in vertical 
blanking interval 


-LPEN Register Full 

0 ■ R16orfl17 has beon read 
by microprocessor 
1 = LPEN strobe detected 


-Update Ready 

0 ■ R31 road or written by 
microprocessor 
1 = Update Strobe IRA4'STB) 
generated 


Figure 6-4. 6545 CRT Controller Status Register 


Bit 5 of the Status register is the Vertical Blanking status bit and will 
be set to 1 during vertical retrace operations while vertical blanking takes 
place. The timing for this bit is illustrated in Figure 5-5. This bit can be 
checked by the microprocessor to determine when it can access screen memory 
without disturbing the contents of the screen, since the 6545 does not require 
access to screen memory while the vertical blanking bit is set. To reduce the 
possibility of timing conflicts near the end of the vertical blanking interval, bit 5 
will be reset five CCLK periods before the end of the vertical blanking interval, 
so that microprocessor access to screen memory can be terminated before the 
6545 begins to access screen memory for the first scan line on the screen. 

Bit 6 of the Status register is the LPEN Register full bit. Whenever a 
negative-to-positive transition on the LPEN input to the 6545 is detected, 
this bit will be set to 1 and w ill remain set until you read the contents of the 
Light Pen Position register (R16 or R17). The presence of this bit corrects a 
logic deficiency of the 6845, since there was no way, with that device, of deter¬ 
mining when a new value had been stored in the Light Pen Position register. 

Bit 7 of the Status register is the Update Ready bit. If you have 
specified operation in the transparent screen memory addressing mode, this 
bit will be set whenever an update strobe is sent out on the RA4/STB pin. 
The bit will be reset when you access the Update Increment (R31) register. We 
shall defer further discussion of bit 7 and its use until we discuss the screen 
memory interface in detail. 

If you refer once again to Figure 5-3 and Table 5-1, you will see that 
five of the Parameter registers are show n shaded. Two of these registers (R3 
and R8) have enhanced functions beyond their equivalent registers in a 
6545, while the last 3 registers (R18, R19, and R31) are new registers 
beyond those provided by the 6845. 
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DISPEN 


VBIANK 

IStatus 

Bit 5) 


Figure 5-5. 6545 CRT Controller Vertical Blanking Status Timing 

Figure 5-6 shows the bit assignments and functions of the HSYNC/ 
VSYNC Width register (R3). The 6845 device used only the four least signifi¬ 
cant bits of this register to define the HSYNC duration. This function is the 
same on the 6545, but the 6545 device also uses the four most significant bits 
to define a pulse duration for the VSYNC pulse. You can specify that VSYNC 
be from 1 to 16 scan lines in duration, which may eliminate the need for exter¬ 
nal logic to interface the 6545 to a CRT monitor. 

Figure 5-7 shows the bit assignments for the Mode Control register 
(R8). In the 6845 device, only the 2 least significant bits of this register were 
used, and they specified the interface mode that the device was to operate in. 
These two bits serve the same function in the 6545 controller and you should 
refer to Chapter 4 for a description of the interlace modes of operation availa¬ 
ble. 

Bit 2 of the Mode Control register specifics the screen memory 
addressing mode that is to be used. If this bit is set to 0, the MA0-MA13 out¬ 
puts will generate straight binary addresses for screen memory . If bit 2 is set 
to a 1, row/column addressing will be used and the screen memory address 
outputs will be generated on a Character Column (CC0-CC7) and Character 
Row (CR0-CR5) basis. The straight binary addressing allows more efficient 
use of memory while the row/column addressing is better suited for manipula¬ 
tion of screen data. For a discussion of the advantages and disadvantages of 
each method, refer to Chapter 1. 

Bit 3 of the Mode Control register defines the screen memory access 
mode that is to be used; if this bit is 0, it specifies shared memory accessing, 
and if set to 1, transparent memory accessing is specified. In the shared 
memory access mode, the microprocessor and the 6545 utilize the same 
address bus to access screen memory, and external logic must be provided to 
resolve memory contention. This is the same approach used with the 6845 
device, which provided no internal memory contention logic. The transparent 
memory accessing mode utilizes the logic provided by the 6545 to resolve 
memory contention; it results in transparent, unimpeded access to screen 
memory by both the microprocessor and the 6545 with minimal external logic 
required. We will discuss this technique in detail when we describe the inter¬ 
face to screen memory later in this chapter. 


■ 1 Complete Frame - 


■ Vertical Display Area - 


-1 Complete Frame ■ 


Vertical 

Blsnkmg 


Vertical Duplay Area 


Vertical 

Blanking 


Set Bit 6 
at end of last 
displayed scan line 


Reset Bit 5 
five CCLKs before ervd 
Of Vertical Blanking 




Figure 6-6. 6545 CRT Controller HYSNC/VSYNC Width Register <R3) 
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Bn No 

R8 • Mod# Control Register 


- Interface Mode 

10 [ Non ' lftt ® r,ace 

01 ■ Interlaced Svnc 

11 = Interlaced Sync and Video 

-Screen Memory Addressing Mode 
0 = Straight binary 
1 * Row'Column 

-Screen Memory Access Mode 
0 = Shared Memory 
1 = Transparent Memory 

-DlSPEN Skew 
0 * No delay 
1 = Delay DlSPEN 1 CCUC 

-CURSOR Skew 
0 - No delay 

1 = Delay CURSOR 1 CCLK 

-RA4/STB Function (Transparent Mode Only! 
0 * RA4 as Raster (Scan Lmel Address 
t = STB as Update Strobe 

-Update Mode (Transparent Mode Only) 

0 ■ Updates during horizontal and 
vertical retrace wrth STB 
1 = Interlaced updates during <b1 


Figure 5-7. 6545 CRT Controller Mode Control Register (R8) 
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Figure 5-8. Logic Function of CURSOR/D1SPF.N Skew Bus in the 
6545 Mode Control Register 


Bits 4 and 5 of the Mode Control register allow you to introduce a 1 
CCLK delay in the generation of DISPEN and CURSOR signals and thus 
skew or displace these signals one character time to allow for delays introduced 
by screen memory access and character generator logic. Figure 5*8 shows the 
interface between the 6545 device and a CRT monitor and the logic function 
that can be Implemented by setting bits 4 or 5 of the Mode Control register. 

Bit 6 of the Mode Control register is used if the 6545 is operating in the 
transparent screen memory access mode, and specifies whether the RA4/S TB 
output signal is to function as a Raster (scan line) Address output to 
character generator logic or as an update Strobe (STB) signal. Once again we 
will defer a detailed discussion of the use of this bit until we describe the screen 
memory interface. 

Bit 7 of the Mode Control register is also associated with screen memory 
logic. It specifies the update technique that is to be used when the 6545 oper¬ 
ates in the transparent screen memory addressing mode. V ou can specify that 
CPU modification of screen memory data occurs only during horizontal or ver¬ 
tical retrace, or that microprocessor accesses to memory be interleaved with 
those of the 6545. 
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Registers R18 and R19 comprise the 14-bit Update register. This 
register can be loaded by the microprocessor with a screen memory address 
which can then be subsequently output by the 6545 on the MA0-MA13 lines. 
The register is used in the transparent memory addressing mode and is the 
major element in the memory contention circuitry provided by the 6545 
device. We shall describe in detail how this register is used when we discuss the 
screen memory interface provided by the 6545. It is named the Update register 
since Its primary function will be to specify a screen memory location — and 
thus a physical screen location — that is to be updated by writing new data 
at that location. 


THE 6545-SCREEN MEMORY INTERFACE 

There are two general types of interfaces to screen memory that can be 
implemented in a 6545 system: shared memory and transparent memory 
interfaces. In the shared memory interface, both the microprocessor and the 
6545 address and access screen memory directly. This type of interface can 
be illustrated as follows: 



Since both the microprocessor and the 6545 must be able to address 
screen memory, you must supply some sort of external memory contention 
logic to resolve conflicts between the two. This is the same configuration de¬ 
scribed for the 6845 and many of the other CRT controllers. You should refer 
to our description of the 6845 screen memory interface for a discussion of how 
memory contention can be resolved. That discussion also applies to the 6545 
although there is one additional aid provided by the 6545; you can check the 
status of bit 5 of the 6545’s Status register to determine when vertical 
retrace is being performed. You can then grant unlimited screen memory 
access to the microprocessor during this vertical retrace interval. The 6845 
device provided no such status bit and you therefore had to use additional 
external logic to determine when vertical retrace occurs. 

In all other respects, the 6545 operates in the same way as the 6845 in 
this shared memory configuration. Let us now turn our attention to the 
transparent memory addressing mode available with the 6545. 
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Figure 5-9. 6545 CRT Controller Transparent Memory Addressing Configuration 


The 6545 CRT Controller Transparent Memory Addressing Mode 

Figure 5-9 shows the general system configuration that is implied by 
the 6545’s transparent memory addressing mode. In this mode, the 
microprocessor does not directly address screen memory. Instead, all screen 
memory addresses are generated by the 6545 and sent out on the MAO- 
MA13 pins. The address that is output can come front one of two sources: 
the 6545's internal screen address counter which is incremented at the 
character rate as each scan line is displayed, or from the Update register-pair 
(R18.R19). The Update register-pair is the means by which the 
microprocessor specifics screen memory locations that it needs to access. The 
6545 then takes care of resolving memory contention and outputs the address 
from the Update register at the appropriate lime. The obvious advantage of this 
method of addressing is that screen memory does not consume microprocessor 
address space. 

There are two different schemes that can be used in this transparent 
addressing mode: the 6545 can output the address contained in the Update 
register-pair during <J>2 of every clock cycle, or the update address can be out¬ 
put during horizontal and vertical blanking intervals. You specify which of 
these schemes is used via bit 7 of the Mode Control register (R8). Let us first 
look at the <t>l/<t>2 interleaved scheme. 
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The timing for the interleaved type of transparent memory addressing 
be illustrated as follows: 


Interleaved 
Transparent can 
Addressing 


Microprocessor 

Cycle 


Microprocessor 

Cycle 


During the <hl portion of the clock cycle, the 6545 will output the con¬ 
tents of its internal scan address counter to access data that is to be displayed 
on the screen. During the <I>2 portion, the MA0-MA13 pins from the 6545 
will contain the address from the Update register. Thus the microprocessor 
can indirectly access screen memory during this d>2 portion of every cycle. This 
technique is the same as wc described in Chapter 4 for the 6845, but in this case 
the 6545 performs the multiplexing of the addresses and no external logic is 
required. However, this scheme Is not quite so straightforward as the timing 
diagram above implies. To sec what is involved, let us examine a typical 
sequence that must occur for the microprocessor to write a byte of data into 
screen memory. 

First, the microprocesser must load the Update register-pair in the 
6545 with the screen memory address w here data is to be read from or writ¬ 
ten into. This process requires that you direct four successive write opera¬ 
tions to the 6545 as listed in the following table: 


After this 4-write cycle sequence has been completed, the 6545 will out¬ 
put the address that has just been loaded into the Update register during the { P1 
portion of each clock cycle. Now, to actually write a byte of data into the 
desired screen memory location, the microprocessor must perform one more 
write operation. During this write cycle, the microprocessor can treat screen 
memory as an I/O location. This means that the microprocessor must gener¬ 
ate an address which will produce a chip select signal for screen memory, sup¬ 
ply the write signal to load the data into memory, and present the data on the 
data lines to memory. The 6545 will, however, generate the address signals 
required to specify the location within screen memory where the data is to be 
loaded. 


V Duplay 1 

1 Update 1 

1 Oisplay 1 

r Update | 

k Address 1 

\ _d 

[ Address I 

L Address 1 


R/W 

RS 

D0-D7 Contents 

L 

L 

18,o 8 address! 

L 

H 

Update address (MSB) 

L 

l 

19 tQ (R19 address) 

L 

H 

Update address H.SB) 
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Auto-Increment 
of Update 
Register 


This is a rather lengthy and involved sequence simply to load one byte of 
data into screen memory. The operation becomes much simpler, however, if 
additional bytes of data are to be written into screen memory in consecutive 
locations. In this case you can utilize the 6545's capability of automatically 
incrementing the contents of the Update register-pair. In order to increment 
the contents of the Update register-pair, you must access register R31 in the 
6545. Each access of this “dummy” register causes the contents of the Update 
register-pair to be incremented. Of course, you must first load the 6545's 
Address register with 31, 0 in order to select this Automatic Increment register. 
Our 4-step sequence which we illustrated earlier would now consist of 5 
steps as shown in the following table: 


x 


I/O Cycle 

R/W 

RS 

DO-D7 Contents 

1 

L 

L 

12, 6 IR18address! 

2 

L 

M 

Update address \MSBI 

3 

L 

l 

I3 16 IR19 8ddressl 

4 

l 

H 

Update address 1LSBI 

5 

L 

L 

IF, 6 (R31 address) 


After the five write cycles shown in the preceding illustration have 
been performed, the microprocessor can begin writing data to screen 
memory. Once again screen memory can be treated by the microprocessor as 
an I/O port. If the chip select signal derived from the microprocessor 
address bus to select memory is also used to generate the CS input to the 
6545, and if RS is high, then a dummy access of R32 will be performed caus¬ 
ing the contents of the Update register-pair to be incremented. From that 
point on, each write operation performed to transfer a byte of data from the 
microprocessor to screen memory would also select R3I in the 6545 device to 
increment the contents of the Update register. Thus, as long as you are loading 
data into consecutive screen memory locations, only one write cycle is required 
to perform each data transfer and the 6545 will output the appropriate update 
address during the <t>2 time. So, a total of 6 write operations are required to 
transfer the first byte of data from the microprocessor to screen memory, but 
thereafter only a single w rite cycle is required to transfer each byte of data, 
as long as consecutive memory addresses are being accessed. This sequence 
is illustrated in the following table. 


I/O Cycle 

R.VV 

RS 

DO 07 Contents 

1 

L 

L 

12,6 misaddress) 

2 

L 

H 

Update address (MSB) 

3 

L 

L 

13,6 mi9 address) 

4 

L 

H 

Update address ILSBI 

5 

L 

L 

IF, 6 IR31 addressl 

6-n 

a 

H 

Data to Memory and 
Increment R18'R19 
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Figure 5-10. 6545 Timing Sequences for Interlaced, Transparent Addressing 
with Auto-Increment 


Retrace 

Transparent 

Addressing 


The timing for this sequence is illustrated in Figure 5-10. The circled 
numbers (2) through (£) , shown within the microprocessor address bus 
in this figure, correspond to the steps in the preceding table. You will also 
note in this figure that we have show n two different chip select signals (CSO. 
CS1) being output on the microprocessor address bus. When the 
microprocessor is writing the update data to screen memory, it must gener¬ 
ate chip select for both screen memory and the 6545 if the automatic incre¬ 
menting of the Update register is to occur. Figure 5-11 illustrates the general 
chip select logic demanded for this transparent addressing with auto-incre¬ 
ment operation. The C$0 signal would select the 6545 to access its Address 
register or one of the Parameter registers. The CS1 signal generates chip select 
for both the 6545 and screen memory. This would be used to cause the con¬ 
tents of the Update register in the 6545 to be incremented as a byte of data is 
transferred to screen memory. 

The second method of transparent screen memory addressing availa¬ 
ble with the 6545 is to allow the microprocessor access during horizontal and 
vertical retrace intervals. The configuration implied in this mode of 
transparent memory addressing is illustrated in Figure 5-12. 

There are many simParities between the interleaved transparent mode 
which we just described and this retrace mode. In both cases, the 6545 pro¬ 
vides all addresses to screen memory, but here the contents of the Update 
register will be output to screen memory only during horizontal and vertical 
retrace intervals instead of being interleaved during '1>1/<1>2 clock periods. The 
contents of the Update register-pair can also be automatically incremented, as 
we described for the interleaved mode, by ensuring that when the 
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Figure 6 - 11 . Chip Select Logic for 6545 CRT Controller Transparent Addressing 




Microprocessor 



Oats Bus 





OH 


microprocessor selects screen memory (as an I/O port), it also causes a select 
signal to be sent to the 6545 to address the Update register-pair. In addition, 
this mode of operation will require the same multi-step sequence to prepare for 
the transfer of a first byte of data, but subsequent transfers require only a single 
cycle so long as consecutive screen memory locations arc being accessed. 

Therefore, you should refer to our earlier discussion of chip select logic 
and the preliminary steps required to load the Update register-pair for a dis¬ 
cussion of these set-up conditions. 

The one significant difference between Figure 5-12 and Figure 5-9, 
which showed the configuration for interleaved transparent addressing, is the 
addition of a data hold latch between screen memory and the microprocessor. 
The latch will be required since the microprocessor will not always have 
immediate access to screen memory; therefore the latch is used to hold data 
temporarily. The Update Strobe (UPSTB) signal from the 6545 is used to load 
data into the latch from screen memory, or to gate data written into the latch by 
the microprocessor into screen memory. 
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System 



Figure 5-12. 6545 CRT Controller Transparent Memory Addressing Configuration for 

Retrace Mode 


Figure 5-13 shows the timing for the UPSTB signal. As soon as a non¬ 
display interval is entered, the 6545 outputs the contents of the update register 
on the MA0-MA13 lines. This update address will be output for 3 Character 
Clock (CCLK) periods. The UPSTB pulse is 1 CCLK period in duration and is 
centered within the update address interval. 

The timing illustrated in Figure 5-13 shows how data already loaded into 
the holding latch would be strobed into screen memory at the appropriate time. 
This timing does not, however, illustrate how the microprocessor can deter¬ 
mine when it can load another byte of data into the latch. This Is w here the 
Read' bit in the 6545 status register comes into play. 

Ready Figure 5-14 illustrates the operation of bit 7, the Ready bit, in the 

Status Bit 6545’s Status register. When the 6545 is first powered-up, bit will be set to a 
1. Whenever you load a byte of data into the data latch, you must 
simultaneously access register R31 within the 6545 device. This access causes 
the Ready bit to be reset. When the 6545 subsequently enters a non-display 
interval, it outputs the update address and generates the UPSTB signal to load 
that data into screen memory. Two CCLK periods later, the Ready bit will once 
again be set high by the 6545. The microprocessor must then poll the 6545 
device, by reading the contents of the Status register, to check the state of the 
Ready bit. If this bit is low, it means that new data from screen memory has not 
yet been loaded into the latch. When this bit is set high, it indicates that data 
from screen memory' has been loaded into the latch and can be read from the 
latch by the microprocessor. When the microprocessor subsequently issues a 
read to the data latch, the read operation should also access register R31 in the 
6545. The operation will both capture data from the latch and increment the 
contents of the 6545's Update register so that the next consecutive screen 
memory location can be accessed. The Ready bit in the Status register will be 
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Figure 6-13. 6545 CRT Controller Update Strobe (UPSTB) Timing 


reset by this access of register R31. Thus, the Ready bit in the Status register 
indicates to the microprocessor when data is available, while the UPSTB signal 
from the 6545 effects the transfer of addressed data from refresh memory into 
the data latch. 

While the chip select logic required for this mode of operation is quite 
similar to that of the interleaved transparent addressing mode, there arc minor 
differences. For example, a read operation initiated by the microprocessor 
must cause a chip select signal or buffer enable signal to be generated for the 
data latch, instead of for screen memory, while it simultaneously selects the 
6545 to access register R31. 

The timing for successive write operations in this transparent mode of 
operation during non-display portions is not quite as straightforward as with 
read operations. Figure 5-15 illustrates the sequence for two successive 
write operations. Successive write operations effectively cause a double 
update cycle, since read operations are automatically initiated by the 6545 
and interleaved with each of the write operations. As you can see, the con¬ 
tents of the Update register-pair will only be incremented by the occurrence of 
UPSTB after register R31 has been accessed as part of a microprocessor-initi¬ 
ated write operation. The 6545 operates in this way so that a byte of data is 
always available from screen memory in the data latch, should the 
microprocessor perform a read operation. If instead, the microprocessor per¬ 
forms a write operation, data that was previously read from screen memory is 
simply ignored. The microprocessor must still poll the 6545 by reading the 
contents of the Status register to determine the state of the Ready bit. In this 
case, when the Ready status bit is low, it indicates that the 6545 is waiting to 
store data held in the data latch in the location addressed by the contents of the 
Update register-pair. When the Ready status bit goes high, it indicates that data 
held in the latch has been written into screen memory and the microprocessor 
can then send another byte of data to the latch. 
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Figure 6-15. 6545 Ready Status Timing for Successive Write Operations 
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As you can deduce from the liming in Figure 5-15, the hardware 
required to implement the data latch is not quite as straightforward as implied 
by the timing for read operations. The data latch must also include some way of 
storing the fact that the microprocessor performed a write into the latch. Then, 
a following update strobe can gate data from the latch into screen memory and 
supply the required write signal to memory at the time ol the UPSTB strobe 
When you are using the 6545 in the retracc-transparent-addressing 
mode, you can utilize both functions of the RA4/UPSTB signal and thus 
achieve character sizes greater than the 16 scan line limit that is imposed if you 
use only RA0-RA3. Internally, the 6545 generates the RA4and UPSTB signals 
separately; it simply uses the same pin to output the two signals. During non¬ 
display (retrace) intervals, the internal RA4 signal is always low. It the retrace- 
transparent-addressing mode has been specified, UPSTB will be output during 
retrace intervals. The D1SPEN signal will always be low during retrace and thus 
can be used to reconstruct the separate R A4 and UPSTB signals external to the 
6545. Figure 5-16 shows the external logic needed to create separate RA4 and 
UPSTB signals. With the logic shown, RA4 will only be active during display 
times and disabled during retrace times, while UPSTB will only function during 
retrace or non-display times. 








The 6545 CRT Controller 6-23 


DATA SHEETS 

This section contains specific electrical and timing data for the 6545. 
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6545 


MAXIMUM RATINGS 

Supply Voltage, Vcc 
Input,'Output Voltage, Vis 
Operat-ng Temperature. Tgp 
Storage Temperature. Tjtg 


-0.3V to -7.0V 
-0.3V to -7.0V 
O' C to 70 = C 
-55*Cto 150 C 


All inputt contain protect-on circuitry to prevent damage 
due to high static discharges. Care should be exercised 
to prevent unnecessary application of voltages in excess 
of the allowable limits. 


COMMENT 

Stiettes above those luted under "Absolute Maximum Rai.ngs" 
may ceuse permanent damage to the device. These a'e sl'ess 
ratings only. Functional ooeretion ot this devree et Ihese & any 
other eorxiitions above those mdiceird in the operational sec. 
tlons ol this specification •* rot implied arU exposure to absolute 
max.mum rating condd^ns for extended Pe'-Ods may attics 
ce«<e reliability 



ELECTRICAL CHARACTERISTICS <V CC - 5.0V * 5*. T A = 0-70 J C. unless otherwise noted) 

Symbol Characteristic_ Min - _ 

V| M Input High Voltage_ 2 ^ _ 

V|t Input Low Voltage_ ~ 0 3 

l |f g 1 Input Leakage (d2. R-'w, RTS, C5, RS, LPEN, CCLK) _—_ 

Three-State Input Leakage 1DB0-DB7I 

V| N • 0.4 to 2.4V_ 

Output High Voltage 2 4 

l L0A0 * 205pA 1DB0-0B?) 

l L OAO ■ 100pA (all others) I_ 


2.5 *tA 
tO.O - pA 


V 0 L 

Output Low Voltage 

Iloao * 1.6mA 

Po 

Power Dissipation 



Output Capacitance 



TEST LOAD 


FT 



« • nr.. • oh ceoO«> 

• ?«*:; son Alt OtrtIH OuThUtS 


Data sheets on pages 5-24 through 5-26 are reprinted by permission of Synertek, Incorporated. 











MPU BUS INTERFACE CHARACTERISTICS 


WRITE CYCLE 


READ CYCLE 


WRITE TIMING CHARACTERISTICS <V CC • 5.0V l 5%. T A - 0-?0‘C. unless otherwise noted! 


Symbol Characteristic 

<CYC _ Cycle Time _ 

t c $2 Pulse Width 

t A pwi Address Set Up Time 


Address Hold Time 


RiV/ Set-Up Time 


RiW Hold Time 
Data Bus Set-Up Time 


Data Bus Hold Time 


tt r and tf ■ 10 to 30 ns) 



READ TIMING CHARACTERISTICS IVcc * 5 0V t 5%, T A w Q*70°C, unless Otherwise noted) 


Symbol 

Characteristic 

‘CYC 

Cycle Time 

‘C 

02 Pulse Width 

‘acr 

Address Set-Up Time 

»CAR 

Address Hold T<me 

‘WCR 

R/W Set-Up Time 

*CDR 

Read Access Time (Valid Data) 

‘HR 

Read Hold Time 

‘CO A 

Data Bus Active Time (Invalid Oatal 

(t r and tf * 10 to 30 ns) 
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MEMORY AND VIDEO INTERFACE CHARACTERISTICS 

(V cc - 5.0V t 5%. T A - 0 to 70 = C, unless otherwise noted) 


SYSTEM TIMING 

-- 

"•- -•* 


Symbol 

Characteristic 

SY6545 

SY6S45A 


Min. 

Max. 

Min. 

Max. 

Unit 

tCCY 

Character Clock Cycle Time 

0 40 

40 

0.40 

40 


l CCH 

Character Clock Pulse Width 

200 

- 

200 

— 

ns 

tMAD 

MA0-MA13 Propagation Delay 

- 

160 

— 

160 

ns 

tn ad 

RA0-RA4 Propagation Delay 

- 

160 

— 

160 

ns 

tDTO 

OISPLAY ENABLE Propagation De'ay 

- 

300 


300 

ns 

tMSD 

HSYNC Propagation Delay 

- 

300 

— 

300 

ns 

<V$D 

VSYNC Propagation Delay 

- 

300 


300 

ns 

tCOD 

CURSOR Propagation Delay 


300 

" 

300 

AS 


z>c=z 


Output 

Parameter 

MA0-MA13 

(MAD 

RA0-RA4 

tRAO 

DISPLAY-ENABLE 

'DTO 

HSYNC 

tMSD 

VSYNC 

tvSD 

CURSOR 

tcoo 


LIGHT PEN STROBE TIMING 



v_/ \_ r 


— x— : x ~~^( 

va TE W>t Irr* *o> left 

mt-tu -<‘J UJ >:•< mta lf*> *»» *•**’*■ 

1 tn *4 s iM Vi **•>•*«» ■’IVII" 'lij» 


Symbol 

tlPH 

t(_l*1 

't-w 


Characteristic 

LPEN Str obe Width _ 

LPEN to CCLK DeHy 
CCLK to LPEN Delay 


SY6645 

Min. 

too 

120 

“0 


Max. 


SY6S45A 


Mm. 


100 

120 


Max. 


Unit 





























































The 5027 CRT Controller 


The 5027 CRT controller was one of the first of the LSI controller 
devices introduced. The functions provided by the 5027 may appear to be 
somewhat more elementary than those available with devices introduced 
more recently. Nonetheless, the 5027 still provides several interesting func¬ 
tions not available on any of the other devices we have described. 

Figure 6-1 shows those portions of the idealized CRT controller, which 
we developed in Chapter 1, that are provided by the 5027. If you compare this 
figure to the equivalent ones for other CRT controllers we have described, it 
may appear that the amount of logic provided by the 5027 is approximately 
equal to that provided by the other devices. However, as we shall see when 
we describe the logic of the 5027 in detail, many of the functions are imple¬ 
mented in a minimal fashion. For example. Figure 6-1 indicates that cursor 
logic is provided on the 5027, but the logic provided simply generates a con¬ 
tinuous stream of dots at a specified cursor location. You cannot cause the cur¬ 
sor to automatically blink, nor do you have any options in specifying the shape 
of the cursor symbol as was the case with some other CRT controllers. We 
should note that this will not necessarily be a disadvantage since many 
character generators (for example, the 8002, a companion part to the 5027) can 
provide the logic necessary to create different types of cursor symbols. 

On the other hand, the SYNC generation logic provided by the 5027 
exceeds that which is provided by most of the other devices. Not only are 
HSYNC and VSYNC generated by the device, but a composite synchroniza¬ 
tion (CSYNC) signal is also available. 

The 5027 provides no memory contention logic to simplify access to 
screen memory by both the microprocessor and the CRT controller. In addi¬ 
tion, the screen memory addressing logic provided by the 5027 always 
addresses screen memory on a row/column basis; it cannot generate linear 
memory addresses. 


Microprocessor 



Figure 6-1. 5027 CRT Controller Functional Logic 


One unique feature of the 5027 which is not indicated in Figure 6-1 is a 
self-load capability which allows the device to be semi-automatically 
initialized during startup time. 

The primary manufacturer of the 5027 CRT controller is: 

SMC MICROSYSTEMS CORPORATION 
35 Marcus Boulevard 
Hauppauge, NY 11787 

Second sources for the 5027 are: 

TEXAS INSTRUMENTS, INC. 

P.O. Box 225012 
Dallas, TX 75265 

SOLID STATE SCIENTIFIC, INC. 
Montgomeryvillc Industrial Center 
Montgomeryville, PA 18936 

MOSTEK CORPORATION 
1215 West Crosby Road 
Carrollton, TX 75006 
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The TMS9927 The device produced by SMC Microsystems, Solid State Scientific, 

CRT Controller and Mostek is designated the 5027, while the Texas instruments device is 
called the TMS9927. The two devices are functionally identical although 
there are minor differences in signal nomenclature. Throughout this chapter 
we shall simply refer to this CRT controller as the 5027 except where we 
point out minor differences in signal naming conventions. It is worth noting 
here that no other device described in this book is available from such a large 
number of manufacturers. This is due both to the length of time that the 
5027 has been in existence, and to its wide use and acceptance. 

THE 5027 CRT CONTROLLER PINS AND SIGNALS 

Figure 6-2 shows the pin assignments and signal names for the 5027 
CRT controller. The signals may be divided into three categories: signals used 
to interface the CRT controller to the microprocessor and system busses (stan¬ 
dard power and timing input signals are included in this group), signals used to 
Microprocessor interface the controller to screen memory and character generator logic, and 
Interface Signals signals directly related to the CRT monitor. 

The microprocessor-CRT controller interface signals are described 
below. 

CS is a standard Chip Select signal and must be set high in order to 
access one of the 5027’s internal registers or to issue a command to the 5027. 

A0-A3 are the register/command address inputs and determine which 
of the 5027’s internal registers will accessed or which of the commands recog¬ 
nized by the 5027 is to be executed. 

DS is the Data Strobe input and must be pulsed low to accomplish a 
register access or command initiation. Note that the 5027 has no read or write 
control signal inputs; the DS signal is the functional combination of RD and 
WR signals. 

DB0-DB7 are the Data Bus lines used to exchange 8-bit parallel bytes 
of information between the 5027 and the microprocessor system. These eight 
lines are bidirectional pins used as inputs to the control registers of the 5027 
and outputs from the cursor address registers of the 5027. You will note in 
Figure 6-2 that the 9927 device labels the most significant bit of the data bus as 
DB0, and the least significant bit as DB7. This convention is used in all devices 
made by Texas Instruments but is the opposite of that used by most manufac¬ 
turers. Throughout this chapter, we will use the more standard convention, 
with DB0 representing the least significant bit and DB7 the most significant bit. 

DCC is the Dot Counter Carry input signal used to time all of the 
internal operations of the 5027. This is the character rate clock signal 
derived from external dot timing logic; thus it is not truly a microprocesser 
system interface signal, but is more closely associated with the video and 
character generator logic. Nonetheless, we have grouped it with the other 
microprocessor interface signals since it is the primary timing input to the 5027 
device. 

V tc ( + 5 V), V DD ( + 12 V) and GND are standard power and ground 
connections. The 5027 device is the only controller described in this book 
which requires both +5 V and + 12 V. This will not necessarily be a disadvan¬ 
tage since most terminals will have +12 V, which is needed for an RS-232 
interface. 
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Input 
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Bidirectional 
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Figure 6-2. 5027 CRT Controller Pins and Signals 
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Screen Memory and 
Character Generator 
Signals 


CRT Monitor 
Signals 


There are two sets of signals associated with screen memory address¬ 
ing logic (H0-H7, DR0-DR5) and one set of signals associated with 
character generator logic (R0-R3). 

The 5027 addresses screen memory on a column/row basis. H0-H7 are 
the horizontal character or column address outputs, and DR0-DR5 are the 
vertical or data row address outputs. Pin number 31 functions as the most 
significant column output (H7) if required; otherwise it is the most signifi¬ 
cant data row output (DR5). While this gives you some flexibility in utilizing 
memory address space, this column/row addressing method will still result in 
inefficient use of memory space in most cases. For a discussion of the advan¬ 
tages and disadvantages of row/column addressing versus linear memory 
addressing refer to Chapter 1. 

R0-R3 are the Raster or scan line counter outputs which will be used as 
inputs to character generator logic to select the proper dot pattern for the 
various scan lines comprising each character row. 

The 5027 provides a fairly standard set of signals to implement the CRT 
monitor interface. HSYNC and VSYNC arc the standard Horizontal Syn¬ 
chronization and Vertical Synchronization signals. The position and duration 
of these signals is programmable and is established by loading the desired 
values into the 5027’s control registers. 

CSYNC is the Composite Synchronization signal and outputs a pulse 
stream which includes both the HSYNC and CSYNC signals. The C SV NC 
signal can only be used if the 5027 is operating in the non-interlaced mode 
(we will discuss interlaced and non-interlaced modes later in this chapter). The 
CSYNC signal can be externally mixed with video to produce a composite 
video output to the CRT monitor. 

CRY is the Cursor Video output signal. The 5027 has two cursor posi¬ 
tion registers which can be loaded under program control. When the screen 
memory address is the same as the address defined by the cursor position 
registers, then the CRV signal will be set high to produce a continuous stream 
of dots at that character position. The CRV signal will be set high at that 
character position for all scan lines comprising the character row. Thus, the 
cursor symbol produced by the 5027 will always appear as a block signal as 
opposed to an underline cursor symbol. However, external logic may be 
utilized to generate other cursor types using CRV as a condition signal. 

BL is the Blanking signal and will be output high during vertical and 
horizontal retrace. BL will also be high during those portions of horizontal 
and vertical scan where video data is not to be displayed. Y ou establish those 
times when BL is to be active under program control by loading the desired 
values into the control registers. 
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Table 6-1. 5027 CRT Controller Registers and Command Summary 


Address 

Read IR) or 
Write <W) 

Control 

Reg. * 

Register/Command Function 

1 A3 

A2 

A1 

AO 

m 

D 

D 

0 

W 

0 

Load HoriiontaJ Character Count Reg ster 

It 



1 

W 

1 

Load HSYNC Width Delay Register Set Interlace Modo 



i 

0 

w 

2 

Load Characters and Scan Lines Per Data Row Reg star 

Wr, 

14 

i 

1 

w 

3 

Load Data Rows Per Frame and Skow Register 

Br 

i 

El 

0 

w 

4 

Load Scan Lines Per Frame Register 

B? 


MM 

1 

w 

5 

Load Vertical Data Start Register 

B? 

i 

i 

0 

w 

6 

Load Last Displayed Data Row Register 

Br 

i 

i 

1 



Set Processor Sell-Load Mode 

i 

II 

El 

0 



Read Cursor Row Address 

i 

wm 

14 

1 



Read Cursor Character Address 

i 

u 

i 

0 



Reset 

i 

mm 

i 

1 

b H d. ; i 


Up Scrod 

i 

i 

El 

mrm 

w 


Load Cursor Character Address 

i 

i 

M 

if 

w 


Load Cursor Row Address 


i 

i 

El 

X 


Start Timing Cham 

i 

i 

i 

H 

X 


Non-Processor Self-Load 

X = 

don't 

care 
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THE 5027 CRT CONTROLLER PROGRAMMABLE REGISTERS 

The 5027 provides nine internal registers which are illustrated in 
Figure 6-3. Seven of the registers (control registers 0-6) are used to define 
timing parameters and screen format, and the remaining two registers 
define the screen location where the cursor symbol is to be displayed. 
Address inputs A0-A3 specify which of the registers is to be accessed. Table 
6-1 lists the 5027’s registers, their functions, and the address assignments 
for each. 

When the register address inputs (A0-A3) are applied to the 5027 and 
accompanied by the CS and 1)5 signals, the 5027 decodes the address inputs 
to generate the appropriate register select signals. As you can see in Figure 
6-3 and Table 6-1, the register address inputs are also used to issue com¬ 
mands to the 5027. Actually, the register address inputs might more accurately 
be viewed simply as command inputs; some of the commands cause data to be 
loaded into the control registers while other commands do not operate on these 
registers but instead cause other control functions (such as reset) to be initi¬ 
ated. 

The seven control registers are write-only registers. When they are 
selected, the data that is to be written into the registers must be present on 
DB0-DB7 w hen the Data Strobe (DS) signal is applied. The two cursor posi¬ 
tion registers are read/write registers: you write data into the registers to 
position the cursor on the screen and you can read the contents of the registers 
to ascertain the current cursor position. Since the 5027 provides no signal to 
differentiate between register read and write operations, two separate 
addresses are used to access each of these cursor registers: one address is 
used for write operations and another during read operations. 
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Figure 6-3. 5027 CRT Controller Programmable Registers 


Since the seven control registers are used to establish basic screen format 
and timing charactcrstics, they will usually be loaded when a system is first 
started up and will not have to be accessed thereafter. It is only the cursor posi¬ 
tion registers that will be accessed on any recurring basis. 

Since the contents of the control registers determine all of the primary 
operating characteristics of the 5027, we will defer a description of the con¬ 
tents of each register until later in this chapter when we describe program¬ 
ming the device. 
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THE 5027-MICROPROCESSOR SYSTEM INTERFACE 

The interface that the 5027 presents to the microprocessor system is, 
for the most part, quite straightforward. The signals used to interface the 
controller to the microprocessor consist of the eight Data Bus lines (DB0- 
DB7), the Chip Select (CS) signal, the register address inputs (A0-A3), and 
the Data Strobe (US) signal. 

Figure 6-4 illustrates, in a simplified form, the interface between the 
5027 and the microprocessor system. Data is passed between the 5027 and the 
microprocessor via the eight bidirectional data lines (DB0-DB7). The timing 
for a microprocessor write operation to load data into one of the 5027s inter¬ 
nal registers or to initiate one of the commands can be illustrated as follows: 



Read/Write The register address inputs (A0-A3) must be stable and the Chip 

Operations Select (CS) signal must be high before the Data Strobe (DS) signal is driven 
low. As we have indicated in Figure 6-3, the 1)5 signal would typically be the 
logical NOR of the microprocessor-generated Read (RD) and Write (W R) 
signals. The timing requirements for DS, so far as pulse width is concerned, 
are identical whether you are writing data into the 5027 or reading information 
from the 5027. Data that is to be loaded into the 5027 must be presented on the 
DB0-DB7 lines some minimal time interval before 15S makes its negative-to- 
positive transition, and the data must be held stable until after that transition. 

The timing for a read operation initiated by the microprocessor to read 
the contents of one of the 5027’s cursor position registers is equally 
straightforward and can be illustrated as follows: 
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Figure 6-4. 5027 CRT Controller-Microprocessor System Interface 


If you refer once again to Figure 6-3 you will note that both the Chip 
Select (CS) and register address (A0-A3) inputs to the 5027 are derived front 
the microprocessor system’s address bus. Thus the 5027 would occupy 16 
memory or I/O locations in the microprocessor system’s addressing space. 
Each rcgister/command of the 5027 would thus be addressed by the 
microprocessor as a separate memory location or I/O device. Data can be writ¬ 
ten to nine of these locations (the seven control registers and the two cursor 
position registers) and read from two of these locations (the cursor position 
registers). The remaining five addresses initiate commands, and no transfer of 
data is required; for these commands, the microprocessor could simply per¬ 
form a dummy access to that command address location. 

When the system is first powered up, a succession of write operations 
must be directed to the 5027 in order to establish initial values in all of the 
control registers. This initialization process can be accomplished using 
microprocessor-initiated write operations as we have just described. There 
arc two other methods of establishing these initial control register values for 
the 5027. First, if volume justifies it, you can order mask-programmed ver¬ 
sions of the 5027 which will have the values that you specify permanently- 
set Into the control registers. For example, the 5047 device produced by SMC 
Microsystems has a fixed format of 24 data rows with 80 characters per row. It 
is thus the functional equivalent of the pre-programmed DP8350 described in 
Chapter 2. With one of these pre-programmed versions, the microprocessor 
would only need to access the 5027 to load the cursor registers or read the con¬ 
tents of the cursor position registers. Of course, this approach permanently 
fixes the operating characteristics of the 5027. 
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The 5027 CRT Controller Self-Load Operation 

Another method of establishing initial values for the control registers 
in the 5027 is to use the self-load capability of the device. Figure 6-5 shows, 
in a generalized form, the logic configuration required for the self-load 
operation. An external PROM device is used to store the values that are to be 
loaded into the 5027's control registers and cursor position registers. Although 
only nine bytes will be required to load the registers, we have shown a 32 x 8 
PROM since that is the smallest such device widely available. During the self¬ 
load operation, the address inputs to the PROM will be supplied by the 5027 
via its raster address (R0-R3) outputs. 

The self-load operation is initiated by presenting the command <1111 2 ) 
on the AO-A3 inputs to the 5027. The CS input must also be high. The self¬ 
load operation begins when the DS signal is pulsed. Thus the syste m 
initialization logic must be capable of producing a signal (named SLOAD in 
Figure 6-5) which will select the 5027 and present the self-load command on 
the address inputs. This external logic must also generate the ITS pulse. Once 
the self-load command has been initiated, the 5027 will begin outputting the 
PROM addresses on the R0-R3 lines. The first seven addresses output will be 
0000, through 0110, and the data output from the PROM for each of these 
address locations will be loaded by the 5027 into its seven control registers 
(R0-R6). When the scan counter outputs are 0111, and 1000 2 , the PROM data 
that is accessed will be loaded into the Cursor Character Address register and 
Cursor Row Address register respectively. Note that these last two scan 
counter output addresses do not correspond to the Cursor Position register 
addresses defined in Table 6-1. 

The A0-A3 and CS inputs to the 5027 must be held high for the dura¬ 
tion of the self-load operation. The time required for this operation will 
depend on the frequency at which the 5027 is being operated; that is, the DCC 
or character clock input frequency to the device. The R0-R3 outputs which are 
used to address the PROM are incremented at the HSYNC frequency. After all 
of the required values have been read from PROM and loaded into the 5027. 
the timing chain of the 5027 is initiated by removal of the “all ones” stat e from 
the A0-A3 inputs; this initiation is independent of the state of the DS input. 

The self-load operation we have just described is the non-processor 
self-load procedure. The processor-initiated self-load is identical to this pro¬ 
cedure except that the command code is 0111, and the timing chain is not au¬ 
tomatically initiated when the command code is removed from the A0-A3 
inputs. Instead, the processor must issue the Start Timing Chain command 
in order to place the 5027 into full operation. 
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Figure 6-5. 5027 CRT Controller Self-Load Logic 
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THE 5027-SCREEN MEMORY/CHARACTER GENERATOR INTERFACE 

The only signals that the 5027 device provides specifically for the 
screen memory interface are the eight horizontal character count outputs 
(H0-H7) and the five vertical or data row counter outputs (DR0-DR4). 
Thus, 13 address outputs are available to access screen memory. With 13 
lines, you can address up to 8K of memory; however, because the 5027 
addresses memory on a row/column basis instead of using straight linea; 
addressing, you would only be able to address this maximum amount of screen 
memory if the screen were comprised of 32 rows (DR0-DR4) of 256 characters 
each (H0-H7) or of 64 rows (DR0-DR5) with 128 characters each (H0-H6). 
However, you do not have complete flexibility in defining the number of 
characters per row, as we will see when we discuss programming the control 
registers. Therefore, the size of screen memory that the 5027 can address will 
be more rigidly limited than was the case with any of the other CRT controllers. 
In addition, the row/column approach to memory addressing, while well suited 
for manipulation of screen data, can result in inefficient use of memory. For a 
discussion of the advantages and disadvantages of row/column memory 
addressing, refer to Chapter 1. 

Figure 6-6 shows the relationship between the 5027 CRT controller, 
screen memory, and character generator logic. One significant aspect of this 
illustration is the fact that the 5027 provides no logic to deal with memory 
contention resolution: external logic must be provided to determine when the 
microprocessor can use the address bus to access screen memory and when the 
5027 can use its H0-H7 and DR0-DR4 outputs to access screen memory. You 
may need to decode the R0-R3 outputs from the 5027 to determine those scan 
lines when the device will not require access to screen memory, or you may be 
able to use the BL (Blanking) signal to enable microprocessor access to screen 
memory. You should refer to the discussions of memory contention resolution 
logic in Chapter 1 for additional details. The point we are making here is that 
the 5027 provides no logic to specifically aid you in designing external circuitry 
for memory contention resolution. 

Character Generator The interface that the 5027 provides to character generator logic 

Interface Logic simply consists of the four raster address or scan line counter outputs (R0- 
R3). These outputs comprise one set of inputs to the character generator 
logic, while the data from screen memory comprises the second set of 
character code inputs to character generator logic. The R0-R3 outputs can 
represent scan line counts ranging from 1 to 16, and thus character rows can be 
comprised of up to 16 scan lines. If you are using the 5027 in the interlaced 
mode, R0 also serves as the odd or even field indicator. You can still have up to 
16 scan lines in this mode, however. Operating in the interlaced mode allows 
you to double the density of information on the screen but may result in screen 
flicker. For a further discussion of interlaced modes refer to the general discus¬ 
sion in Chapter 1 and the description of the interlaced modes of the 6845 in 
Chapter 4. 
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Figure 6-6. 5027 CRT Controller Interface to Screen Mcmory/Characler 
Generator Logic 


THE 5027-CRT MONITOR INTERFACE 

Figure 6-7 illustrates the signals provided by the 5027 to implement the 
interface to a CRT monitor. The signals provided arc quite comparable to those 
provided by the 6845 and the 6545 controllers described in Chapters 4 and 5. 

The Horizontal Synchronization (HSYNC) and Vertical Synchroniza¬ 
tion (VSYNC) signals are the standard signals compatible with 3-terminal 
CRT monitors. You specify the exact time when these pulses are to be gener¬ 
ated by loading the appropriate values into the control registers. The duration 
of the HSYNC pulse is also programmcd-specified. The VSYNC pulse, 
however, is of a Fixed duration (3 scan line times) and thus external logic maj 
be required to obtain a VSYNC pulse of the proper duration for a given C RT 
monitor. It should be noted, however, that this 3-scan-line pulse docs meet the 
requirements of the El A RS-170 video specification and would allow you to 
operate with most CRT's. 


x 
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Figure 6-7. 5027 CRT Controllcr-CRT Monitor Interface 


The Composite Synchronization (CSYNC) output combines both the 
HSYNC and VSYNC signals for CRT monitors that can use such an input. 
The way in which HSYNC and VSYNC are combined in the Composite Syn¬ 
chronization output can be illustrated as follows: 
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The Cursor Video (CRV) signal is generated by the 5027 whenever the 
screen memory address is equal to the address contained In the cursor posi¬ 
tion registers. This signal is similar to that provided by the other CRT con¬ 
troller devices we described but it is limited in that there are no programma¬ 
ble options provided to create cursors of different shapes or blinking cursor 
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PROGRAMMING 


Horizontal Character 
Count Register (RO) 


HSYNC Width/Decay 
Register (Rl) 


symbols. The CRV signal will simply be output high during all scan lines at the 
cursor position, thus creating a block cursor symbol. You can, of course, use 
external logic to create a reverse video cursor symbol. 

The Blanking (BL) signal will be set high during horizontal and verti¬ 
cal retrace times and thus can be used to turn off VIDEO during these inter¬ 
vals. You specify those points where the BL signal is to be activated by loading 
the appropriate values into the control registers. Those intervals where BL is to 
be activated have no fixed relationships to the occurrence of the HSYNC or 
VSYNC signals. Instead, the BL signal will be activated at all times except 
during those intervals when you have specified that characters are to be dis¬ 
played on the screen. 

The CRV, BL, and HSYNC signals are all synchronized to the screen 
memory address outputs: that is, when the screen address corresponding to 
the cursor position, start of blanking, or HSYN activation point is generated, 
then the CRV, BL, or HSYN signal will be activiatcd at that time. However, 
since some time will be required to access the corresponding character Irom 
screen memory, generate the dot pattern very via character generator logic and 
shifted out the the video shift register, the CRV, BL, or HSYN signal may be 
activated well before the corresponding character is being sent to the screen. 
This effect is known as "pipelining" and we have discussed it in relationship 
to other CRT controllers. The 5027 allows you to introduce skew delays to 
account for this pipelining effect by programming the appropriate control 
register. In Figure 6-7 wc have indicated this programmable delay function for 
these three signals with the dotted block across CRV, BL, and HSYNC. Delays 
of one or two character limes can be specified for each of these signals. 


THE 5027 CRT CONTROLLER REGISTERS 

The 5027 provides seven control registers which must be loaded when 
the device is first powered up to establish basic operating parameters for the 
device. As you will recall from our earlier discussion of the programmable 
registers, the register address inputs (A0-A3) are also used to issue com¬ 
mands to the 5027. At this point we will limit our discussion to program¬ 
ming of the control registers and we will discuss the commands executed by 
the 5027 separately. 

Figure 6-8 shows the format for the Horizontal Character Count 
register (RO). The contents of this register determine the total time allotted 
for one scan line in terms of character clock times (DCC). This register 
defines the total time for a horizontal scan line including the horizontal retrace 
lime and thus determines the HSYNC frequency. 

Figure 6-9 shows the format for the HSYNC Widtb/Delaj register 
(Rl). The least significant 3 bits define the HSYNC delay. This delay is fre¬ 
quently called the front porch and is a period between the end ot active video 
on a scan line and the leading edge of the HSYNC pulse. This delay thus posi¬ 
tions the displayed portion horizontally on the CRT screen. Bits 3 through 6 
specify the duration or w idth of the HSY NC pulse. HSY NC can be up to b 
character clocks (DCC) in duration. 

The most significant bit of register Rl is used to specif> whether the 
5027 is to operate in the interlaced or non-interlaced mode. You should refer 
to our earlier discussion of the interlaced mode for additional details of the 
effects of this specification. 
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Figure 6-8. 5027 CRT Controller Horizontal Character Count Register (R0) 



Figure 6-9. 5027 CRT Controller HSYNC Width/Delay Register (Rl) 
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Figure 6-10. 
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5027 CRT Controller Characters and Scan Lines/Data Row Register <R2> 


Figure 6-10 shows the format for the Character and Scan Lines Per 
Data Row register (R2). The least significant three bits specify the number 
of characters per data row that are to be displayed. As you can see. you have 
eight possible choices ranging from 20 to 132 characters per data row Ii you 
specify a mask-programmed version of the 5027, however, you can obtain up 
to 200 characters per row. The next four bits (3-6) of this register determine 
the number of scan lines that shall comprise each data row. A character row 
can consist of from 1 to 16 scan lines. 





Figure 6-11. 5027 CRT Conlrollcr Data Rows/Frame and Skew Register (R3) 


Data Rows Per Figure 6-11 shows the format for the Data Rows Per Frame and Skew 

Frame and Skew register (R3). The six least significant bits determine the number of data 
Register (R3) rows that shall be displayed on the screen. You can specify that from 1 to 64 
rows be displayed. The two most significant bits of register R3 allow you to 
specify that the HSYNC, BL. and CRV signals be delayed or skewed to 
account for the pipelining effect that results from accumulated delays through 
character generator logic. Refer to Figure 6-7 to see the functional position of 
these delays in the CRT monitor interface. 
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Non-Interfaced Mode 

Scan Lines = 1R4] *2 + 256 

(Even values only from 256 to 766 linesl 


Figure 6-12. 5027 CRT Controller Scan Lincs/Frame Register (R4) 


Scan Lines Figure 6-12 shows the format for the Scan Lines Per Frame register 

Per Frame (R4). As vou can see in the figure, the way in which this register is pro- 
Register (R4) grammed is dependent on whether the 5027 is operating in the interlaced or 
non-interlaced mode. In the interlaced mode, the total number of scan lines, 
including the time allowed for vertical retrace, is a minimum of 513, and a 
maximum of 1023 can be specified. In the interlaced mode, the number of scan 
lines specified must be an odd number. In the non-interlaced mode there can 
be front 256 to 766 scan lines per frame, and only even counts are permitted 
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Figure 6-13. 5027 CRT Controller Vertical Data Start Register (R5) 


Vertical Start Figure 6-13 shows the format for the Vertical Start register (R5). This 

Register (R5) register defines the time, in scan lines, between the beginning of the 
VSYNC pulse and the beginning of display of the first scan line of the first 
data row on the screen. The duration of the VSYNC pulse itself Is always 
equal to three scan line times. Thus, the vertical scan delay shown in Figure 
6-13 is equal to the vertical start delay you specified minus 3 scan line times. 
One other delay is shown in Figure 6-13: VSYNC delay. This delay is not 
specified directly but can be derived by subtracting the vertical data start delay 
plus the total number of displayed scan lines per screen (see Register R3 and 
Register R2) from the total number of scan lines per frame (see Register R4). 
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Figure 6-14. 5027 CRT Controller Last Data Row Address Register <R6) 


Last Data Row Figure 6-14 shows the format for the Last Data Row Address register 

Address Register (R6) (R6). This register defines the row address of the data that is to be displayed 
as the bottom row on the screen. The function of this register should not be 
confused with that of Register R3, which defines the total number of displayed 
data rows per screen. This register (R6) Is associated with the scrolling func¬ 
tion of the 5027. For example, if you have defined that the screen is to display 
24 data rows, then the top row on the screen would normally have a row 
address of 0 and the bottom row on the screen would be row 23. However, if 
you load Register R6 with the number 15, in this example, then the bottom 
row on the screen would have a row address of 15, the top row on the screen 
would be row 16, and rows 0 and 23 would be contiguous in the middle of the 
screen. Thus. Register R6 simply determines the row address that is to be out¬ 
put (on DR0-DR4) for the last displayed row on the screen and thus also deter¬ 
mines the first row address that will be output after vertical retrace when the 
lop row is being accessed from screen memory. 

The 5027 also provides an Up Scroll command which simply increments 
the value held in R6 by 1. We will now proceed to describe the 502" com¬ 
mands, including this Up Scroll command. 
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THE 5027 CRT CONTROLLER COMMANDS 

The 5027 CRT controller provides nine different commands which 
were summarized in Table 6-1 earlier in this chapter. A portion of this table 
is expanded and reproduced here for reference purposes. As you will recall, 
these commands are issued in the same way that the control registers are 
accessed: you present the register address on inputs A0-A3 and apply the Chip 
Select (CS) and Data Strobe ( 155 ) signals to the 5027. n 


Address 

Command 
Code IHexI 

Read IRl 
Write(W) 

Command 

A3 

A2 

A1 

AO 

0 

1 

mu 

1 

7 


Processor-Initiated Self-Load 

1 

mm 

BE 

0 

8 


Read Cursor Row Address 

1 

Kfl 


1 

9 


Read Cursor Character IColumnl Address 

1 

I m 

i 

El 

A 


Reset 

1 

il 

i 

11 

B 


Up Scroll 

1 

i 

K9 


C 

w 

Load Cursor Character IColumnl Address 

1 

i 

Irl 

11 

D 

w 

Load Cursor Row Address 

1 

t 


H 

E 

X 

StBrt Timing Cham 

1 

i 



F 

X 

Non-Processor Selt-Load 


The two self-load commands are addressed as 7 (Processor Initiated 
Self-Load) and F,* (>on-Processor Self-Load). The operation of both of 
these commands was described when we discussed the 5027-microprocessor 
interface. The only difference between the two commands is the command 
code itself and the way that the commands terminate. The Processor-Initialed 
Self-Load command must be followed by the start timing chain command (E 16 ) 
to initiate operation of the 5027. The Non-Processor Self-Load command is 
terminated by removing the command code (F, J from the A0-A3 inputs; this 
causes automatic iniliaiiation of 5027 operation. 

There are four commands associated with the cursor position 
registers; command codes 8 and 9 read the contents of the cursor row address 
and cursor character or column address registers respectively, and command 
codes C,* and D )4 are used to load the two cursor position registers. You will 
recall from our earlier discussion of the programmable registers that there are, 
in actuality, only two cursor position registers (the Row Address and Column 
Address registers), but that four addresses arc required since there is no read/ 
write input to the 5027. The Cursor Column address register is an 8-bit 
register, but only the six least significant bits of the Cursor Row Address 
register are used. Note that it is possible to load these cursor position 
registers with values which will be outside of the display area of the screen. 
For example, if you have specified that a data row is to be 80 characters wide 
and load the cursor column or character position register with a value greater 
than 80„>, then the cursor symbol would never be displayed. You must also 
remember that since the 5027 addresses screen memory on a row/column 
basis instead of on a linear basis, your software must keep track of where the 
end of a row is when it moves the cursor. You cannot simply continue to incre¬ 
ment the Cursor Column Address register and cause the cursor to proceed to 
the next line on the display. Instead, when you reach the end of a row you must 
then increment the Row Address register to move the cursor to the next line. 
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The Reset command (A, 5 ) causes the 5027 timing chain to be reset. 
The internal counters will be reset to values corresponding to the top left 
position of the screen. The Reset command is latched internally by the Data 
Strobe (US') signal and the counters will be held reset until you send the Start 
Timing Chain command to the 5027, 

The Start Timing Chain command (E l6 ) must be used after a Reset or 
Processor-Initiated Self-Load command to allow the 5027 to resume opera¬ 
tion. This command releases the timing chain approximately one scan-line 
lime after it is received. 

If you are using the microprocessor to initialize the 5027 by loading the 
control registers on startup rather than using one of the self-load modes, 
then a specific sequence of commands is required. The command sequence is 
as follows: 

Start Timing Cham 

Reset 

Load Register 0 


Load Register 6 
Start Timing Cham 

While you must follow the sequence of START, RESET, LOAD, 
START to ensure proper initialization, it is not necessary to load the control 
registers in numerical order. 

The Lp Scroll command (B u ) simply causes the content of the Last 
Displayed Data Row register (R6) to be incremented by 1. This will cause the 
data displayed on the screen to be scrolled up one row with the former top line 
becoming the new bottom line on the screen. When the contents of R6 equals 
the contents of the lower 6 bits of R3 (Data Rows Per Frame register). R6 will 
be set to 0 when the next Lp Scroll command is received. Thus your software 
need not worry about incrementing the contents of R6 to a value greater than 
the number of data rows on the screen; the 5027 automatically keeps the max¬ 
imum value of R6 within the limits defined by R3. 


THE 5027 CRT CONTROLLER TIMING CHAIN 

Figure 6-15 illustrates the relationship between the programmable 
control registers of the 5027 and the generalized timing chain we developed 
in Chapter 1. 


x 
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Figure 6-16. The Relationship between 5027 Programmable Registers 
and the CRT Timing Chain 
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5027 


MAXIMUM GUARANTEED RATINGS' OCtO* 70 C 

Operating Temperalute Range •>.. . . -SS Cto»150*0 

Storage Temperature Range . 

Lead Temperature tsoWermg tOsect. .. •.. .. 4.18 0 V 

Positive Voltage on any Pm with respect 1o ground . .. . ". -0 3V 

Negative Voltage on any Pm. with respect to ground 

Sfesses above wow listed may cause permanent damage to the devee Trus .$ a stress rating o^and 
turci cnai cceratton of the devco at wese or at any other condition above these md.ca.ed m the -c - a >c 
sections o< this speoilication i$ not implieo 

NOTE: When powering this dev-ce from laboratory or system power supplies, it is Important that 
the Absolute Maximum Ratings not bo exceeded or device failure can result. Some power supp ics 
exhibit voltage spikosor 'gtilches on their outputs when the AC power* switched^orlando 1 
In addition voltage transients on Wo AC power line may appear on the DC ou.put. For examplo, the 
bench power supply programmed to deliver +12 volts may havo large voltage transients when the 
AC power is switched on and oft If this possibility exists it is suggested that a clampcircuit be usod. 


Parameter 


D C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level v* 

Hgn Level V» 

OUTPUT VOLTAGE LEVELS 
Low Leve*—Vo. lor R?-3 
Low Lev#—Vo. all others 
High Level—Vector Rtf-3 
High Level—Vc«ail others 
INPUT CURRENT 
Low Level U 
Hgh Level. l-« 

INPUT CAPACITANCE 
Data Bus. C •• 

Clock. Os 
As other. C% 

DATA BUS LEAKAGE m INPUT MODE 
I os 

loa 

POWER SUPPLY CURRENT 

kc 

lee 

A.C. CHARACTERISTICS 

DOT COUNTER CARRY 
frequency 
PW~ 

PWi 

tr.lf 

OATA STROBE 

pwr; 

ADDRESS CHIP SELECT 
Set-upt-rne 
Hoid lime 

DATA BUS—LOADING 
Set-up time 
Hold t«me 

DATA BUS—READING 

TotiJ 

OUTPUTS Hp-7, HS. VS. 9L CRV. 
CS-Tcei 

OUTPUTS R7-3 DRtf-5 

To* k i 


Min. 

Typ 

Max. 

Unit 

Commenls 



08 

V 


1.5 


Vet 

V 




04 

V 

lov -3 2ma 



04 

V 

loi -1 6ma 

2 4 




Is. ~80xa 

24 




1S* -40^3 


10 


P' 



25 


Pf 



10 


P> 



eo 


ma 



40 


ma 






T* - 25 C 

0 2 

40 


MHz 

Figure t 

35 



ns 

Figure 1 

190 



ns 

Figure 1 


10 


ns 

Figure 1 


150 


ns 

Figure 2 


too 


ns 

Figure 2 


50 


ns 

Figure 2 


100 


ns 

Figure 2 


75 


ns 

Figure 2 


100 


ns 

Figure2 CL 50pt 


100 


ns 

Figure 1.CL 20pf 


10 


MS 

Figure 3. CL 20c' 


Restrictions 

1 Only one pm .s avaiatue for strobing data .mo the dev.ee via we data bus The cursor X and Y coordr-ntes 
loaded mto tho chip by presenting one set of addresses and outpoted by presenting a different se t of addresses ' 0 
re standard WRITE and READ control signals from most microprocessors must be NORed externally to present a sngle 
strobe (551 SKjnal to the device 

2 An even - umber ot scan i.nes per character row must be programmed m .menace mode Th.s is agamduo lo pm count 
imitations wfueft require Wat the least significant b.i ol we scan counter serve as tne odd even field mOcalor 

3 in .menaced mooe We lotal number of cna/acler slots assigned to the horizontal scan must ce even to insure Wat vertical 
sync occurs precisely between horizontal sync ptoses 


0 a; 4 (heats on pages 6-26 and 6-27 are reprinted by permission of SMC Microsystems Corporation. 
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AC TIMING DIAGRAMS 
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Non-display-timc access. 1-25 

Persistence. 1*2 
Phosphor dot, M 

Raster scan, 1*2 
Refresh frequency. 1-6. 1*7 
effect of interlaced scanning on. 1-7 
Retrace. 1*3 

Scan line address. MO 
Scan rate. 1-6 
Screen memory . 1-13 
addressing, 1-23 
bit-mapped, 1-33 
Scrolling. 1-17 
character-by-character. 1*18 
6845 CRT controller 
-character generator interface. 4-9 


character generator signals. 4-5 
Character/Row register, 4-20 
Character Rows Displayed register, 4-24 
•CRT monitor interface. 4-17 
CRT monitor signals. 4-5 
Cursor position register. 4-28 
Cursor Start register. 4-26 
Cursor Stop register. 4-26 
horizontal format and timing registers, 4-19 
HSYNC Position register, 4-28 
HSYNC Width register. 4-20 
Interlace Mode register, 4-25 
interlaced-sync mode. 4-13 
intcrlaced-sync-with-video mode. 4-15 
interleaved access to screen memory. 4-10 
Light Pen register. 4-28 
logic functions provided by. 4-2 
memory contentions resolution, 4-9 
microprocessor interface signals. 4-2 
-microprocessor system interface, 4-8 
non-interlaced mode. 4-12 
pin assignments, 4-4 
primary operating registers. 4-28 
programmable registers. 4-5 
programming registers of. 4*19 
Scan Lines per Row register. 4-25 
scan modes, 4-11 
screen memory. 4-5 
-screen memory interface. 4-9 
Top of Page register. 4-28 
vertical format and timing registers. 4-22 
Vertical total register. 4-22 
VSYNC Adjust register. 4-22 
VSYNC Position register. 4-24 
6545 CRT controller 
HSYNC/VSYNC Width register. 5-8 
interleaved transparent addressing. 5-14 
memory contention logic, 5*12 
Mode Control register. 5-8 
pin assignments. 5-3 
programmable registers Srt 6845 programmable 
registers 
ready bit. 5*18 

retrace transparent addressing. 5-16 
screen memory interface. 5-12 
Staius register. 5-4 
transparent memory addressing. 5-13 
Update register. 5-11 

TMS9927 CRT controller. 6-3 

Vector CRT display. 1-2 
Vertical scan rate. 1-6 
Vertical synchronization signal 
(VSYNC). 1-8. 1-26, 1-30 
delay, 1-26 
pulse. 1-26 
VIDEO signal, 1-8 

Wraparound, 1-21 

X-Y CRT display. 1-2 
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CRT Controller Handbook 


Controlling the Controller 

If you are designing a CRT-based terminal or display, you should con¬ 
sider one of the recently introduced large-scale-integrated (LSI) CRT con¬ 
troller devices; they can greatly simplify your design and reduce your costs. 
This book describes all of the CRT controller devices currently available. It 
also includes a tutorial chapter which gives a lucid explanation of the 
underlying principles of CRT operation which shape the characteristics of all 
CRT controllers. This chapter will be valuable to anyone who wants to know 
how a CRT works and what a CRT controller is expected to do. 

The book covers five devices in the same thorough detail you've come 
to expect from Osborne/McGraw-Hill publications. The handbook fully 
covers pins and signals, programmable registers, microprocessor interface, 
screen memory, transparent memory addressing, character generator inter¬ 
face, and much more. 

Thirteen tables and 149 separate illustrations make this the most 
readable and complete book on CRT controllers. This book follows the same 
standard format used throughout the Osborne Handbook Series, allowing 
the reader to easily compare one device to another. 

Devices Covered 

DP8350 National Semiconductor 

8275 Intel 

6845 . Motorola 

6545 Synertek 

5027/9927 SMC/Texas Instruments 
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